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- FOREWORD

This final report consists of two volumes. The following are the titles
given for each volume: :

Volume I. EXECUTIVE SUMMARY
Volume II. TECHNICAL REPORT

The first volume summarizes the objectives, approach and results of the
program. The second volume presents (1) a description of the program
operations, (2) a discussion of pre-test preparations, (3) an analysis of
the test results, and (3) the conclusions.

The emission tests presented herein were performed by the California Air
Resources Board at the Montebello, California, test facility.

LIBRARY
AIR RESOURCES BOARD
P. O. BOX 2815

i SACRAMENTC, CA 95812



ABSTRACT

A study was conducted to explore two approaches for the control of exhaust
emissions from used vehicles. The first approach involved the upgrading of
Class A stations with exhaust analyzers and the training of Class A mechanics
-to perform low-emission tune-ups. Ten Class A mechanics, representative of
Class A mechanics as a whole, attended a 40 hour training course. They
lTearned how exhaust emissions relate to the condition of the engine. With
this knowledge, they were "programmed" to:

1. Quickly diagnose engine defects that cause excessive emissions.

2. Repair these defects.

3. Maintain certain engine components to prevent malfunctions known
to cause emission increases.

4, Perform low-emission adjustments.

The above steps reduced engines to their practical minimum pollution capability
(MPC) and are referred to as an MPC tune-up. MPC tune-ups were completed

on 300 vehicles representative of the 1957-1970 California vehicle population.
Hydrocarbon (HC) and carbon monoxide (CO) emissions were reduced by 36.7%

and 35.2% respectively. Exhaust oxides of nitrogen (NOX) increased 5.6%.

The average cost was $27.40. Fuel consumption was reduced by 5.0%. Inter-
views with the vehicle owners revealed that 54% of the vehicles performed
better, 15% worse, and 31% with no change.

After an average mileage of 5283 miles and six months of service, the ve-
hicles were retested. Degradation in emission control was small. HC and CO
reductions were still 29.5% and 30% respectively. NOx increase was 3.7%.

The second approach involving the vacuum spark advance disconnection (VSAD)

on engines for NO, control was studied to determine the vehicle owner's

. acceptance and possible side effects. The scope of the study was limited to
driveability changes and side effects noticed by the vehicle owners during.

the first month of service. VSAD was provided on 100 vehicles previously

given MPC tune~ups and 100 1ike vehicles with no other work performed on

the engine. Fifty (50) vehicles representative of the 100 vehicle groups

were equipped with "dummy" VSAD kits, therefore, establishing and compen-

sating for owner bias in the data analysis. ‘ '

The results showed that vehicle owners could no% distinguish between the
“real" and "dummy" VSAD kits when no other work was done to their engines.
VSAD combined with the lean tuning in the MPC tune-up produced a change in
driveability unacceptable to one out of five vehicle owners. An investiga-
tion of coolant overheating complaints showed that VSAD had a slight effect.
Faulty cooling systems were the major cause of engine overheating.
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I. INTRODUCTION

The purpose of this program was to determine the effectiveness, cost
and vehicle owner's acceptance of two approaches for the control of used ve-
hicle exhaust emissions. The first approach consists of upgrading the
California Class A stations with the equipment and trained mechanics needed
to periodically diagnose, repair, maintain and adjust engines in order to
reduce each engine to its practical minimum pollution capability (MPC).

This process is hereafter referred to as the MPC tune-up. It controls
hydrocarbons (HC) and carbon monoxide (CO) in exhaust gases.

The second approach involves the disconnection of the engine's
vacuum spark advance for the control of oxides of nitrogen (NOx). The
vacuum spark advance disconnection (hereafter referred to as VSAD) was ac-
complished by inserting a thermally actuated valve in the vacuum 1ine leading
to the distributor. This valve reinstates the spark advance if the engine
coolant temperature exceeded 205°F.

These approaches were identified in a June 1971 report(]) by the
late Technical Advisory Committee to the California Air Resources Board
(ARB). This report entitled Emission Control of Used Cars; Available
Options: Their Effectiveness, Cost and Feasibility concluded that: "Some
form of annual inspection and maintenance will be necessary to obtain full
benefit from other emission controls on either new or used cars. The best
such system appears to be an annual inspection and maintenance to bring
every car to its minimum poilution capability." The report also concluded
that VSAD is the most cost effective of all options studied and can be done
quickly.

As a result of these conclusions, tnis research program was con-
ducted to examine these two promising control options under conditions which--
insofar as possible--simulated the "real-world" situation.

The objectives of the program were to:
® Develop a cost-effective procedure for performing MPC tune-ups.
@ Develop a mechanic training program and train ten Class A
mechanics (representative of Class A mechanics as a whole)
to perform MPC tune-ups.

® Determine the effectiveness, cost, savings in fuel consumption
and owner acceptance of MPC tune-ups.

6 Determine the degradation in emission reductions obtained with
MPC tune-ups.

©® Evaluate vehicle owner acceptance of VSAD on vehicles with
MPC tune-ups and also on vehicles with noc other work performed.



® Investigate any vehicle side effects which may occur within
a month from the time of VSAD kit installations.

The program involved the solicitation and testing of four groups
of vehicles representative of the 1957 through 1970 California vehicle popu-
lation. The first group of 200 vehicles received MPC tune-ups. This group
is referred to as "A" vehicles. The second group of 100 vehicles received
the MPC tune-ups and two weeks later received VSAD kits. This group is re-
ferred to as "B" vehicles. The third group of 100 vehicles received VSAD
kits only with no other work performed on the engine. This group is referred
to as "C" vehicles. The fourth group of 50 vehicles received "dummy" VSAD
kits which only appeared to provide VSAD. This group is referred to as "D"
vehicles.

The Technical Discussion Section of this report is divided into two
main parts. The first part covers the work performed on the MPC tune-up
approach and the second part covers the VSAD approach. Each part describes
the program operations, tasks performed in preparation for the vehicle tests,
the test results, and the conclusions.

Test data for vehicles receiving MPC tune-ups is contained in Ap-
pendix A. The data includes:

® Tabulations of exhaust emissions, fuel consumption, and cost
data for the vehicles classified by controlled (post-1965),
uncontrolled (pre-1966), "A", and "B" groups of vehicles.

® Tabulations of idle and 2500 RPM (no-load) exhaust emission
changes during the six month program,

® Tabulations of driveability and owner acceptance data for
MPC tune-ups.

Test data for vehicles receiving VSAD kits is conta1ned in Appendix
B. This data includes tabulations of driveability and owners' acceptance
data for "B", "C", and "D" vehicles.

Program operation and data forms are presented in Append1x C. Mis-
cellaneous graphs, figures and program information are given in Appendix D.



IT. SUMMARY

Two approaches to the control of exhaust emissions from used vehiclies
were studied. The first approach called the "MPC Tune-Up Approach" consists
of diagnosing, repairing, and maintaining all engines to their practical
minimum pollution capability (MPC). The second approach involves vacuum
spark advance disconnection (VSAD) on engines for NOy control. Studies of
these two approaches are summarized under separate headings below.

A. MPC TUNE-UP APPROACH

Ten (10) Class A stations within a ten mile distance from the
Air Resources Board (ARB) emission test facility at Mentebello, California,
were selected. These stations were representative of Class A stations as a
whole. They included four new car dealers, four gasoline service stations,
and two independent garages. A representative sample of ten (10) licensed
mechanics was selected from these stations. The ages of the mechanics
ranged from 20 to 50 years. The average age was 32 years. The experience
of the Class A mechanics varied from three months to ten years. The average
was four years. Each mechanic completed a 40 hour (one week) training course
on the MPC tune-up procedure. A special feature of the course was that the
mechanics were taught to relate engine operating conditions and defects with
exhaust emissions. With this knowledge, they were "programmed" to:

1. Perform rapid diagnoses.
Make judgments of when to repair.

Perform cost-effective repairs.

+ w [AC T

Perform preventative maintenance on engine parts that
may cause emissions to degrade within a year.

5. Perform Tow emission adjustments.
Each Class A station was equipped with additional instruments not presently
gequired by the State. The price of these instruments range from $1500 to
2500.

Three hundred (300) vehicles representative of the 1957 thru
1970 California passenger vehicle population were:

1. Tested by the ARB,
2. Given MPC tune-ups at the ten upgraded Class A stations,

3. Retested by the ARB immediately after the MPC tune-up,
and

4, Retested by the ARB after six months of service.



The driveability of the vehicles before and after MPC tune-ups was assessed
by the vehicle owner and by technicians of Clean Air Research Company (CARCO).

Exhaust emission reductions attained initially and after six
months are shown in Table 1. below:

TABLE 1
EMISSION TEST RESULTS - 7-MODE TEST CYCLE

EXHAUST EMISSIONS INITIAL REDUCTION - %  REDUCTION AFTER 6 MOS. - %
Hydrocarbons (HC) 36.7 29.5

Carbon Monoxide (CO) 35.2 30.0

Oxides of Nitrogen (NOy) {5.6) {3.7)

. These results show that:

1. Substantial reductions in HC and CO can be attained by
the MPC tune-up approach at a small increase in NO,.

2. More importantly--the degradation of this emission con-
trol after six months was small.

The average miles traveled with the test vehicles during the
six month period was 5283 miles. This is approximately 30% higher than
the average for vehicles of this age group.

The average cost of the MPC tune-ups was $27.40. The average
fuel consumption measured during the ARB 7-mode tests decreased by 5.0% im-
mediately after the MPC tune-up. At the end of six months, the fuel con-
sumption was still 3.7% less. This savings in fuel reduces the tune-up
costs by about $10 per year for the average vehicle owner.

Driveability tests performed by CARCO technicians showed
that the test fleet had 830 demerits before the MPC tune-ups and 470 after.
These tests showed that 55% of the vehicles drove better, 29% drove worse,
and 16% indicated no change. Two weeks after the MPC tune-up, interviews
with the vehicle owners determined that 54% of the vehicles performed better,
15% worse, and 31% with no change. In interviews after six months, 74.5%
of the vehicle owners stated that the change in their engine's performance
was acceptable; 15.7% stated that the performance change was unacceptable;
and 9.8% stated that the performance change would be acceptable if the MPC
tune-ups were made mandatory by the State for air pollution control.



B. VSAD APPROACH

The ten Class A mechanics trained to perform MPC tune-ups
were also trained to install VSAD kits. These kits were placed on a repre-
sentative sample of 100 vehicles from the 300 vehicles previously given MPC
tune-ups. Kits were also installed on another 100 vehicle sample like the
100 vehicle sample given MPC tune-ups.

In order to establish the effect of the vehicle owner's bias
on his evaluation of driveability and other side effects, dummy kits were
placed on 50 vehicles representative of the two 100 vehicle samples with
operative VSAD kits. The driveability of the vehicles before and after the
kit installations was assessed by the vehicle owners and by the trained
technicians. The kits remained on the vehicles for one month. The owners'
comments were obtained by questionnaires and an interview after one month.

The driveability results are given in Table 2.

TABLE 2
DRIVEABILITY EVALUATIONS

BETTER - % . WORSE - % NO CHANGE - %
OBSERVER I'wpc + | MPC + MPC +
VSAD | VSAD | DUMMY [VSAD | VSAD | DUMMY | VSAD |VSAD | DUMMY
Owner 22 | 35 | 32 | 41 |35 |4 | 37 |30 | 20
CARCO 32 |4 | 34 | 29| 26| 18 39 | 34 | 48
Technicians '

The above results indicate that the vehiclie owners could not
distinguish between the dummy kits and the VSAD kits instailed with no
other work done to the engines. The vehicle owners' driveability evalua-
tions did show that the addition of VSAD on vehicles with MPC tune-ups
produced more adverse changes in driveability than did VSAD on vehicles
on which no other work was perfermed. These observations are substantiated

by the vehicle owner's comments on acceptance and performance given in
Table 3.

The numbers in the two right hand columns (VSAD ONLY and
DUMMY) denoting the percentage of owners commenting on each item are
remarkably close. Tnhis substantiates that vehicle owners could not tell
the difference between the real VSAD kits and the dummy kits when no
other work was performed on the engines. However, differences between



TABLE 3
OWNERS' COMMENTS

% OF OWNERS COMMENTING
COMMENTS

MPC + VSAD VSAD ONLY DUMMY
Not Acceptable 21 7 8
Acceptable 77 84 88
Acceptable if Mandatory 8 9 4
Overheating 11 4 6
Uses More Gasoline 28 18 16
Poorer Performance 23 6 6
Better Performance 11 11 14

the first two columns show that a larger number of owners reported a loss
of performance when VSAD was combined with the MPC tune-up. Three times
as many owners of vehicles with MPC tune-ups stated that the change (VSAD)
was not acceptable. The major cause of this dissatisfaction is believed
to be the combined loss of performance from the lean carburetor tuning
provided by the MPC tune-up and the retarded spark timing from VSAD.

During the one month evaluation of VSAD kits in Los Angeles
serv1ce, a severe heat wave was encountered. Several vehicle owners com-
plained of engine overheating. Since overheating was one of the most likely
side effects of VSAD, 13 vehicles were recalled for further studies. Seven
vehicles were dynamometer tested at 80°F, 90°F, and 100°F. The results of
this investigation showed that:

1. -Only one of the 13 vehicles boiled over because of VSAD;

2. Seven of the vehicles boiled over because of leaking
cooling systems;

3. Three of the vehicles would not boil over under the
most severe test conditions;

4, One vehicle was equipped with a dummy kit; and
5. One vehicle was a false alarm.

This shows that a defective cooling system is a far greater cause of engine
overheating than VSAD.



II1. TECHNICAL DISCUSSION

A. INTRODUCTION

This section of the report is divided into two main parts.
The first part discusses the training and test operations performed to
determine the emission reductions and customer acceptance of tuning every
vehicle to its minimum poliution capability (MPC). This part explains how
Class A stations were upgraded with equipment to perform MPC tune-ups and
how Class A mechanics were trained. It presents test results and evaluates
the effectiveness of the training course and the MPC tune-up procedure em-
ployed.

The second part of this section discusses the program opera-
tions performed to evaluate owner acceptance and possible side effects of

a VSAD type NOX control. The results of driveability tests are also dis-
cussed.

B. THE MPC TUNE-UP APPROACH TO EXHAUST EMISSION CONTROL

1. Program Operations

The MPC tune-up approach was evaluated by:

a. Developing a tune-up procedure to reduce engines
to their practical MPC;

b. Selecting and upgrading ten (10) Class A stations
with the equipment needed to complete the procedure;

¢. Training ten (10) Class A mechanics to perform MPC
tune-ups according to the procedure;

d. Selecting and soliciting 300 vehicles representative
of the California population of 1957 through 1970
vehicles and testing their emissions and driveability
as received from the owners;

e. Completing MPC tune-ups on each vehicle at the ten
Class A stations;

f. Retesting the vehicles for emissions and driveability
immediately after the MPC tune-ups;

g. Placing the vehicles in owner service for six months;

h. . Retesting the vehicles for emissions and driveability
after six months; and

i. Performing complete diagnoses of the engines to estab-
lish their state of tune and repair after the six
month testing.



The actual program sequence that was completed on each
vehicle involved many more steps than those listed above. These individual
steps are shown in Table C-1 in Appendix C. As shown in this table, the
vehicle owner was given a questionnaire to establish his opinion on how the
vehicle drives before the MPC tune-up, immediately after the MPC tune-up,
and after six months. This questionnaire is shown in Table C-2 in Appendix
C. CARCO technicians also performed driveability tests at the same time as
the owner. CARCO driveability tests were conducted in accordance with the
form shown in Table C-3 of Appendix C.

The owners were also interviewed in two weeks and in
six months after the MPC tune-ups to obtain answers to questions regarding
the performance of their vehicles and to obtain unsolicited comments on
possible side effects. These interviews were made according to forms shown
in Tables C-4 and C-5 in Appendix C.

Emissions tests were performed at the ARB mobile test
station at the Department of Motor Vehicles in Montebello, California. Hot
7-mode tests were performed. A total of four 7-mode cycles were performed
in each test. Emissions were measured during the third and fourth cycles.
The fuel consumed during the third and fourth cycles was also measured ac-
cording to instructions given by the form in Table C-6 in Appendix C.

The last step of the sequence of events for each vehicle
was the performance of a complete diagnosis of the engine. Form 9 shown 1in
Table C-7 in Appendix C was used to document the diagnostic data.

2. Development of the MPC Tune-up Procedure

The MPC tune-up procedure was developed to reduce every
vehicle to its practical MPC and in so far as possible, maintain these Tow
emission levels for one year. The MPC tune-up is oriented toward emission
reductions rather than improved performance; however, the repair of engine
defects affecting emissions will usually result in better performance. The
~procedure consists of the following parts:

a. A thorough diagnosis using instruments to measure
HC and CO exhaust emissions and other more common tune-up instruments to
detect engine defects or deteriorated parts that are increasing tail pipe

emissions or would likely cause increased emissions within a year or 10,000
miles.

b. The cost-effective repair of defects detected.

¢. Preventative maintenance comprising of c1ean1ng,
repairing, or replacing parts that would Tikely cause increased emissions
within a year or 10,000 miles.



The procedure was developed to reduce the following two
major causes of excessive exhaust emissions from used vehicles:

a. Misfires of the air-fuel mixture due to faulty
ignition systems.

b. Too rich or too lean air-fuel mixtures due to faulty
carburetion.

These two causes of excessive emissions are briefly Qis-
cussed under a separate heading as a background prior to a later discussion
of the MPC tune-up procedure.

Other causes of excessive emissions, such as defective
exhaust valves and worn-out piston rings, are detected in the diagnostic
part of the MPC tune-up procedure but are not repaired. The MPC tune-up is
limited to repair work that can be performed without removing the intake
manifold, cylinder heads, oil pan or timing chain cover.

a. Ignition MisTires

There are two types of ignition misfires. The first
type is the complete misfire of the air-fuel mixture in the cylinder on every
power stroke regardless of the load or speed of the engine. This type is
usually caused by broken wires and spark plugs that are badly fouled with
deposits. The second type of ignition misfire occurs when the engine is

‘operating under heavy loads and/or speeds. Under these conditions, the
voltage requirements to fire plugs are the highest and incipient misfires
are most likely to occur.

Complete misfires cause the greatest increase in
emissions and are the easiest to detect. They are easily detected with an
electronic oscilloscope and/or an HC instrument while the engine is running
at idle or faster speeds without load. Incipient misfires are more difficult
to detect without a chassis dynamometer because they usually occur under load.
They can be detected by accelerating the engine and using the inertia of the
rotating parts to load the engine. This procedure lacks precision because
the load is applied for only a few seconds and the speed rapidly changes.

: The CARCO MPC tune-up procedure, therefore, includes
the use of a secondary ignition tester to simulate the conditions of a heavy
load and high speed. This tester lowers the amptitude of the voltage avail-
able te fire spark plugs and shortens the time it is available. If the
engine stalls out because the required voltage exceeds that available, then
there is a marginal problem in the secendary ignition system which is likely
to show up as an incipient misfire under load or will develcp into a complete
misfire in a few thousand miles.

Over 95% of the time, a problem detected with the
secondary ignition tester will be spark plugs that should be replaced.
Therefore, the tester is primarily used to determine if spark plugs should



be replaced. The determination of whether spark plugs should be replaced
is normally a difficult and time consuming job. The remaining 1ife of the
plug depends upon the gap between the electrodes and the type and amount of
deposits formed on the plug. The use of the secondary tester to determine
if the spark plugs should be replaced removes the subjective judgment of
mechanics and reduces the cost of labor. This test is also referred to as
the Fulton test.

A A fouled spark plug is the largest cause of ignition
misfires. The second largest cause is defective ignition wires. Wires
become defective because they develop an open circuit or become grounded.
Ignition wires commonly used with a graphite core instead of a copper wire
conductor are particularly susceptible to open circuits. The graphite core
breaks when the wire is bent or when the wire becomes brittle with age.

These graphite core wires also develop an open circuit when they are pulled
away from spark plug terminals at a time when the terminals are removed
from spark plugs. Defective ignition wires are easily detected by an
electronic oscilloscope and/or an HC instrument.

If the spark plugs and ignition wires are acceptable
and the engine still fails the secondary ignition tester, other possible
ignition system defects are investigated such as:

(1) Defective ignition pdints or capacitor

(2) A defective ignition coil

(3) A defective distributor rotor or cap

(4) Improper timing

b. Faulty Carburetion

Faulty carburetion causes emissions to increase
when:

(1) The air -fuel ratio becomes so lean on one
or more cylinders that the cylinder or cylinders misfire.

(2) The air-fuel ratio becomes so rich that
combustion of the gasoline is incomplete.

‘ Lean misfires are easily detected with an exhaust
analyzer that measures both CO and HC. When the CO is low at idle, for
example, and the HC either remains high or fluctuates between high and Tow,
this indicates that lean misfire is present. This can be verified by
richening the idle mixture and observing the HC meter. If the CO increases
and the HC decreases, the carburetor was adjusted too lean.
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There are other causes of lean misfires, such as
leaks in vacuum hoses and intake manifold gaskets. Under these conditions,
the air leak is Tikely to affect only one cylinder and the exhaust CO reading
could be normal when the HC reading is too high. These leaks can usually be
verified by increasing the engine speed from idle to 2500 RPM and observing
the HC meter. If the HC decreases to normal, an air leak probably exists.
Lean misfires can give the same symptoms as sticking or burned exhaust valves.
However, they can be often separated by enrichening the carburetor at idle
and observing the HC emissions. A more positive separation is a compression
test on the cylinder that fails to slow the engine down when its spark plug
is shorted out.

Excessive emissions from over-rich carburetion can
be caused by many defects. A small degree of over-rich carburetion results
in a proportional increase in CO. A large degree of over-rich carburetion
also results in increased HC. Common causes of excessive enrichment are:

(1) Maladjusted carburetor idle screws

(2) Plugged PCV valves

(3) Plugged air cleaners

(4) Carburetor chokes that will not open compietely
(5) Plugged air bleeds in the carburetor

Overly rich carburetion is easily detected by measuring
the exhaust CO at idle and at 2500 RPM.

c. The CARCO MPC Tune-up Procedure

‘ The objective of the CARCO MPC tune-up procedure
was to "program" the mechanics to perform the tune-up in a manner which

would provide the most cost-effective emission reductions and also reduce
the engine to its practical MPC. The tune-up procedure is in five parts.

_ ) The first part of the MPC tune-up procedure
consists of preventative maintenance. It is accomplished by removing
any defects which could affect the diagnosis. This maintenance includes
the inspection, repair or replacement of the exhaust manifold heat riser
valve, the carburetor air filter, the PCV valve and the carburetor choke.

Part 2 of the procedure provides for an initial
diagnosis and preliminary carburetor adjustments. The initial diagnosis
includes an exhaust analysis with an infrared CO and HC instrument, a test
with the secondary ignition tester and a quick oscilloscope analysis.

This initial diagnosis can be easily completed by a trained and experienced
mechanic within ten minutes. Over 90% of the time, this diagnosis will be
sufficient to determine what repairs are needed, if any. Repair guidelines
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based upon HC and CO measurements given in Table 4. are used to determine
when repairs should be made.

Mechanics using the MPC tune-up procedure are
trained to quickly diagnose engine defects by the values of CO and HC at
idle and 2500 RPM. This training is described in Section III.B.4.

Preliminary adjustments to the carburetor are
performed at the idle to determine if the MPC goals of CO can be attained
without engine roughness or lean misfire. If they cannot, then the idle
mixture is richened up to the repair guideline. If the engine still will
not idle at the higher repair guideline, then repair is required.

: If the engine passes all the tests in Part 2, the
mechanic checks the ignition point dwell and spark timing. The tune-up
is complete.

If the engine fails the secondary ignition test,
the mechanic completes Part 3. In Part 3, the spark plugs are inspected
and replaced. The secondary ignition test is repeated. In over 90% of
the cases, the engine will pass. The tune-up is complete after the timing
and dwell are checked.

If the engine fails the second secondary ignition
test in Part 3, a more thorough engine diagnosis is performed in Part 4.
A power balance test is performed to isolate the cylinder or cylinders in-
volved in the problem. This is performed by shorting out the cylinders
one by one and recording the amount of speed drop. If the speed drop is
zero or smaller than other cylinders, then there js a problem with that
cylinder. Various diagnostic techniques combined with the HC and CO data
previously gathered are used to find the problem.

The MPC tune-up procedure used by the ten Class A
mechanics in this program is shown in the next three pages. Section I en-
titled "General Instructions" provides instructions for adjusting the car-
buretor, idle speed, spark timing and ignition dwell. The idle speed is
usually adjusted to a higher speed than manufacturers' specificaticns for
pre-1966 vehicles. This allows the idle CO to be adjusted leaner without
encountering engine roughness or lean misfire. When spark timing adjustments
are made, they are made to manufacturers' specifications plus nothing and
minus 2°, This places the normal adjustment tolerance on the low emission
side because retarded timing reduces HC. Broad tolerances are given to dwell
settings since it is not cost effective to change them if they are in an
acceptable range and the timing is correct.

Repair limitations are given in Section IV because
there is a point where added work to further reduce emissions is not cost
effective.

12



TABLE 4
MPC TUNE-UP GOALS AND REPAIR GUIDELINES =

DOMESTIC CARS:

MPC GOALS REPAIR GUIDELINES
YEAR/TYPE ENGINE CONDITION
C0% Cc0% HC-PPM

Pre-1966 2500 2 to 3 3.5 400
Idle (a) 4,5 500
1966 thru 1969 2500 1 to 2 2.5 300
Engine Mod. Idle (a) 3.0 400
1970 v 2500 1 2.0 200
: Idle (a) 2.5 300
1966-1969 Cars With 2500 3 3.0 400
Air Pump Disconnected Idle (a) 4.5 500

FOREIGN CARS:
Pre-1968 2500 _ 4.5 500
Idle (b) (c) 7.0 700
1968 - 1969 2500 3.5 400
Engine Mod. Idle (b) (b) (d) 500
1970 ‘ 2500 3.0 300
Idle (b) (b) (d) 400
1968 - 1970 Cars With 2500 4.5 500
Air Pump Disconnected Idle (b) 5 7.0 700

(a) 550 RFM IN DRIVE FCR AUTOMATIC TRANSMISSION CARS
650 RPM IN NEUTRAL FOR MANUAL TRANSMISSION CARS (USE MANUFACTURER'S

SPECIFIED SPEED IF IT IS HIGHER). Tg"MAdJust dwell 1f out of the fo110w1ng
(b) MANUFACTURER'S SPECIFICATIONS limits:
-8t 0 3
(c) LEAN BEST IDLE TR 50 o 50 degrecs
4's 45 to 70 degrees

(d) 1% OVER MANUFACTURER'S SPECIFICATIONS
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Revised: May 4, 1972

CARCO MPC TUNE-UP OPERATING PROCEDURE

I. GENERAL TINSTRUCTIONS

A.

B.

C.

Check exhaust manifold heat riser valve while engine is cold.
Start car and warm up at fast idle.

Record adjustment and performance specifications in the boxes
provided on the Tune-up Work Sheet while engine is warming up at fast idle
for 20 minutes.

Perform pre-diagnosis maintenance as follows:

1.
2.

3.

Check carburetor air filter cleanliness.

Measure pressure in crankcase. If positive pressure,
measure flow rate of PCV valve and line into intake
manifold. Check inlet to PCV valve for flow restriction.
Also check for possible restriction in the hose and mani-
fold inlet.

Check choke operation to be sure it opens freely.

Initial Diagnosis and Adjustments

1.

Disconnect air hose on engines with air pumps and check
air pump output. .

Strive to adjust idle speed and mixture to MPC goals
(Table I) with or without air cleaner filter.

Measure and record CO and HC at 2500 RPM.

Measure and record CO and HC at idle.

Compare CO and HC readings obtained above with. MPC Repair
Guidelines (Table I) and check timing if HC values are toco
high.

Test ignition system and spark plugs by first observing
scope pattern and then performing the Fulton test. Make
a visual inspection of the ignition system. If these
ignition tests and the above performed CO/HC tests are
acceptable, proceed to Step #10 below.

If engine fails Fulton test, inspect and replace spark
plugs as required. :
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Repeat Fulton test. If the engine passes and CO/HC tests
are acceptable, proceed to Step #10 below. If engine
fails, perform cylinder power balance test to isolate

the cylinder involved and diagnose other ignition system
problems with oscilloscope and HC/CO meter. Repair or
replace all defective ignition parts. Record parts re-
placed and comment on problems encountered.

9. If CO and HC emissions are above Repair Guidelines in
Table I, refer to Table II for assistance in further
diagnosis. Also refer to Repair Limitations in Section IV.

10. Check dwell and adjust if out of MPC specs.

11. Check basic spark timing and adjust as required.

12. Replace air cleaner (if removed) and make final carburetor
adjustments. If CO and HC agree with Table I values,
apply silicon cement to the idle mixture adjustment screws.

13. Perform final Fulton test and make sure all replaced parts
are working.

14. The tune-up is complete,

II. ADJUSTMENT PROCEDURES

A. CARBURETOR MIXTURE AND SPEED

1.
2.

3.

Balance idle mixture strength on multiple barrel carburetors,

Adjust idle jets to leanest setting possible without en-
countering lean misfire and undue engine roughness. Then
richen by 0.25% CO.

The leaner settings provide best poliution control; however,

safety is the most important factor. The danger of a
stalling car at an unsafe time (caused by too lean a mix-
ture) must be avoided. The tendency to stall at leaner
mixtures is lessened by the faster idle speed.

Strive to attain the valtues given in Table I.

B. SPARK TIMING

1.

Retard as required for unleaded or low-lead fuels if owner
desires.



2. Set to manufacturer's specifications--plus nothing - minus 29,
C. IGNITION DWELL

1. If points are not replaced, adjust dwell if out of the
1imits shown in Table I.

2. If points are replaced, set to manufacturer's specifications.

ITI. REPAIR AND MAINTENANCE PROCEDURES

1. Free-up heat riser valve by tapping shaft side to side and
apply lubricant.

2. Free-up choke with carburetor cleaner as required.
3. Flow PCV vaive and refer to charts for acceptable flow rate.

. If below specified value, replace PCV valve. If above specified
value, clean valve with carburetor cleaner and replace.

Iv. REPAIR LIMITATIONS*

1. Spend no‘more than five (5) minutes on heat riser valves.

2. Replace air cleaner when more than 50% of the light from a
100 watt 1ight bulb is blocked by dirt.

3. Replace points only when diagnostic tests indicate a problem.

4, Do not remove intake manifolds or heads.

5. If CO and HC values are still too high after correctly perform1ng
the MPC procedures and reasonable repairs, further repairs will
not be cost effective.

6. Check ignition wire terminal for corrosion and tight connection
when replacing plugs.

7. Replace points if point contact is black or blue. Lubricate
cam whenever a visual inspection of points is made.

8. If the diagnosis indicates sticking exhaust valves:
a. Adjust valve lash if mechanical.

b. Use valve oil/cleaner.

* An MPC tune-up is one that provides the greatest amount of emission
reducticns for a minimum cost.
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3. Selection and Upgrading of Class A Stations

a. Selection of Class A Stations

Ten (10) Class A stations were selected with the
assistance of the California Highway Patrol. Prior to this selection, data
on the number of stations of different types and the number of Class A
mechanics working in each type of station was obtained. This data is tabu-
lated in Table 5. below.

TABLE 5

CLASS A STATIONS AND MECHANICS
EAST LOS ANGELES AREA

NO. OF CLASS A % OF % OF

- TYPE OF CLASS A NO. OF CLASS A MECHANICS TOTAL TOTAL

STATIONS LOCATIONS MECHANICS PER LOCATION MECHANICS LOCATION
Fleets ' 9 14 1.6 5.7 6.4
Service Stations 45 54 1.2 21.8 31.9
New Car Agencies 33 95 , | 2.9 38.5 23.4
Independent Garages 40 57 1.4 23.1 28.4
Miscellaneous* 14 27 1.9 - 10.9 9.9
TOTAL 141 247 ‘ 100.0 100.0

* The miscellaneous classification includes the following numbers of Class A
-mechanics working in the areas listed below:

8 - Training 2 - Diagnostic Centers
5 - Butane Conversion 2 - Muffler Shops
9 - Natural Gas Conversion 1 - Speedometer Service Shop

It is shown that:

(1) about 25% of the Class A stations are new car
dealers and they employ about 40% of the Class A mechanics;

(2) about 30% of the Class A stations are service
stations and they employ about 20% of the Ciass A mechanics;

(3) about 30% of the Class A stations are 1ndepen~
dent garages and they employ about 25% of the mechanics; and

17



(4) the balance (15%) of the stations are either
fleet or miscellaneous operators.

The distribution of stations was selected on the
basis of where Class A mechanics work. For example, new car dealers employ
about 40% of the Class A mechanics. Therefore, four (4) of the ten (10)
stations should be new car dealers.

Specific Class A station locations were obtained
by selecting stations within a reasonable distance from the ARB test site
and CARCO headquarters. Stations with only one Class A mechanic could not
attend a week's training course without disrupting their business. There-
fore, stations were selected with two or more Class A mechanics.

The miscellaneous type of Class A station was filled
with a Shell Station which has a diagnostic center. The station appears to
be representative of those planned by some 0i1 companies for the future. The
names and addresses of participating stations are listed in Table 6 . The
Class A station owners and managers showed a high degree of interest in the
program. Of 11 stations contacted, 10 agreed to participate. Al1 10 stations
continued their participation throughout the program.

b.  Upgrading of Class A Stations

The selected Class A stations were equipped with

the following -instruments which were then required by the California Highway
Patrol:

Ignition analyzer-oscilloscope
Ammeter

Ohmmeter

Voltmeter

Tachometer

Vacuum gauge

Pressure gauge (0-10 psi)

Cam angle dwell meter

Ignition timing light

Engine exhaust combustion analyzer
Compression tester

Distributor advance tester

Most of these instruments are usually available in one unit, normally re-
ferred to as an engine analyzer.

The main problem with this equipment is that the
engine exhaust combustion analyzers are not precise enough for adjusting
engines to Tow emissions. These combustion analyzers only provide an ap-
proximation of the ratio of air to fuel and many times do not work properly.
When working properly, they are useful in adjusting carburetors and can de-
tect gross carburetion failures, such as a power enrichment valve that is
stuck open. Hence, the replacement of the old air-fuel ratio analyzers with
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TABLE 6

CLASS A STATIONS SELECTED

SERVICE STATIONS: 3

CHEVRON

8351 E. Washington Boulevard

Pico Rivera, California

UNION 76
4965 East Florence Avenue
Bell, California

TEXACO
10807 East Beverly Boulevard
Whittier, California

INDEPENDENT GARAGES: 2

Nisei Automotive Service
2428 West Beverly Boulevard
Montebello, California

Dusatko's Automotive Service
4825 East Florence Avenue
Bell, California

- MISCELLANEQUS

NEW CAR AGENCIES: 4

VOLKSWAGEN .
Colome Motors, Inc.

1200 West Beverly Boulevard

Montebeilo, California

GENERAL MOTORS

Ostrom Chevrolet

310 Whittier Boulevard
Montebello, California

FORD
Montebello Motors

1112 West Whittier Boulevard

Montebeilo, California

CHRYSLER

East Los Angeles Dodge, Inc.

6575 Atlantic Boulevard
Los Angeles, California

Pete's Shell Service
10742 East Beverly Boulevard
Whittier, California
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more precise infrared (IR) analyzers was the major item in upgrading the
Class A stations. These IR instruments measured both HC and CO and, there-
fore, were extremely valuable in the engine diagnostic process as well as
being precise in engine adjustment procedures. A complete discussion of how
these IR instruments were used in the diagnostic process is given in the next
section., Five of the stations were supplied with GSM 300 instruments manu-
factured by Olson-Horiba, Inc. and five were supplied with ET-910 instruments
manufactured by Sun Electric Corporation.

A secondary ignition tester previously referred to
was also added to the Class A stations' instruments. This is a new instru-
ment especially developed for this study. The primary purpose of this in-
strument was to determine when the spark plugs should be replaced. It was
also useful in determining if there were any defects in the secondary ignition
system which would prevent adequate electrical power from being supplied to
the spark plugs.

‘ A third item added to the Class A stations was a
positive crankcase ventilation (PCV) system tester. It consists of a 0-30
inch of water vacuum gauge and the plumbing required to determine if a vacuum
existed in the crankcase. If it did, then the PCV valve flow was greater
than the flow of blow-by gases passing the piston rings and the PCV system
operation was acceptable.

If there was no vacuum.in the crankcase, then
either the PCY valve or lines were plugged or the engine had excessive
blow-by. In order to establish which was the problem, a fourth item was
added to the Class A stations' instruments. It was a flow meter for measur-
ing the flow rate of blow-by gases through the PCV valve and Tines. If the
flow through the PCV valve and lines was within manufacturer's specifications,
then the probiem was excessive blow-by. If the flow was below the specifica-
tions, then the PCV valve and/or lines were plugged. This PCV valve flow
meter can be also used to measure the amount of blow-by gases.

In summary, the ten Class A stations were upgraded
to accomplish MPC tune-ups by adding the following four instruments to the
Class A stations:

HC and CO Infrared Exhaust Analyzer
Secondary Ignition Tester

PCV System Tester

PCV Valve Flow Meter

4, Training of Class A Mechanics

Each of the owners of the ten Class A stations previously
discussed sent a Class A mechanic to a 40 hour (one week) training course.
The owners and service managers were requested to send their average mechanic--
not their best or their least qualified. A representative cross-section of
mechanics attended the course. The length of time that the mechanics had
their Class A Ticenses ranged from three months to ten vears. The average
was four years, The ages of the mechanics ranged from 20 to 50 years and
the average was 32 years.
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a. Training Course Organization

The training course was held Monday through Friday
with four hour sessions in the morning and in the afternoon. Approximately
one-half of the time was spent in a garage-type laboratory where each
mechanic was given "hands-on" training in the areas of operating instruments
and performing the diagnostic portion of the MPC tune-ups. The itinerary
for the course is given below:

MONDAY The Automobile and Air Pollution in California

The MPC Tune-up Approach
TUESDAY Exhaust Carbon Monoxide and Engine Carburetion ‘
Carburetor Circuits, Adjustments and Repair Guidelines

Exhaust Hydrocarbons and Engine Ignition/Exhaust Valves
Diagnosis with HC and Oscilloscope Measurements
THURSDAY The MPC Tune-up Procedure

Cost-Effective Repairs and Preventative Maintenance

Cost-Effective Repairs and Preventative Maintenance

A
P
A
P
WEDNESDAY A.
P
A
P
A
P Review and Questions on MPC Tune-up Procedure

== =X =3 == ==

FRIDAY

In the Monday A. M. session, the mechanics were in-
troduced to the types of pollutants emitted from engines and how they affect
the quality of the air. They learned the types of poor engine maintenance
which affects emissions and what engine defects cause which pollutants to
increase. The objective of this session was to provide the background needed

for the mechanic to understand how exhaust emissions relate to engine operation.

An introduction to the MPC tune-up approach of re-
ducing automobile emissions was given in the Monday P. M. session. This was
done to sell them on the importance of their role in air pollution control.
It also gave them an idea on what they could expect in the following sessions
and how to relate their training to the end job of actually performing MPC
tune-~ups.

) The Tuesday A. M. session was devoted to teaching
the mechanics how CO exhaust emissions relate to carburetion. They were
taught how to operate the IR CO instruments and how to diagnose various
malfunctions from the data obtained.

The Tuesday P. M. session provided a review of

- the basic circuits in a carburetor and how they relate to the values of CO
- measured at different engine speeds. The mechanics were taught how to
perform low emission carburetor adjustments with a CO meter. They were
also instructed on how to measure CO at different speeds and compare these
values with guidelines to decide if the carburetor needs repair.
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In the Wednesday A. M. session, the mechanics
were taught how to measure HC in the exhaust and how to relate these measure-
ments with engine defects. In the Wednesday P. M. session, they were taught
how to use the HC meter and oscilloscope together to provide a rapid diagnosis
of defects in the ignition system and/or exhaust valves. They were given a
basic understanding on the relationship between incomplete combustion and
HC emissions. Instructions were also provided to show how the CO and HC
measurements could be used together at various engine speeds to detect lean
misfires.

The MPC tune-up procedure was reviewed in the
Thursday A. M. session. Information learned on how to diagnose and adjust
engines with HC and CO measurements was applied on several different ve-
hicles. The class was divided into three groups, and each mechanic per-
formed the diagnostic and adjustment portions of the MPC tune-up procedure.

The Thursday P. M. and Friday A. M. sessions were
used to teach techniques for performing cost-effective repairs and preventa-
tive maintenance. These were very important sessions because some engines
emit HC and CO at levels above the repair guidelines even though conventional
cost-effective repairs were completed. In these cases, the mechanics must
be given background information to guide them in a decision on when to stop
making repairs. The diagnoses of engines with difficult problems to detect
were also discussed.

_ The Friday P. M. session was a review of all of the
new tune-up principles and techniques introduced in the course. The session
concluded with a question and answer period on the MPC tune-up procedure and
potential problems which may arise.

b. Training Course Objectives
Four basic objectives of the CARCO MPC tune-up

training course and actions taken to carry them out are given below in the
outline-type format.

1. ‘Motivate mechanics to expertly perform Tow-pollution tune-ups by:

a. Providing a background on how the automobile is involved in
the air pollution problem.

b. Describing the pollutants in automeobile exhaust and explain-
ing how they are produced.

c. Informing them of the great need for upgraded Class A

mechanics to reduce these pollutants by diagnosis, repair
and adjustments.
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d. Asking them to accept the professional challenge and responsi-
bilities involved in reducing emissions of used cars and main-
taining low emissions of future cars.

Teach mechanics to relate excessive CO and HC emissions to engine
malfunctions as the first important step in diagnosis by:

a. Teaching them how to measure CO and HC emissions.
b. Showing how carburetor malfunctions affect CO and how problems

with different carburetor circuits can be detected by operating
the engine at different speeds.

C. Informing them of the engine malfunctions which affect HC

emissions and showing how HC measurements at various speeds
can be used to isolate problems.

Train mechanics to perform the CARCO MPC tune-up procedure in a pre-
cise and predictable manner by:

a.  Providing a detailed step by step procedure and being certain
that they understand the need for each step and how to accomplish
it.

b. Programming the mechanics in diagnostic actions, repair deci-
sions and adjustment operations by providing specific instruc-
tions and specifications for repair and adjustments.

c. Minimizing instructions which leave difficult subjective and
general decisions to the mechanics.

Train mechanics to perform CARCO MPC tune-ups in the most cost-effective

manner by:

a. Teaching them to follow & procedure and use a work sheet which
are: '

(1) simple as possible;
(2) designed to avoid repeated motions;

(3) arranged to minimize interrelated effects of carburetion
and ignition on data gathered;

(4) designed to quickly complete engines which may only require
a simple diagnosis and adjustments and, at the same time,
provide basic data on engines requiring more extensive
diagnoses and repairs.

b. Instructing on the use of a secondary ignition tester for
rapidly detecting present and impending spark plug and ignition
problems.
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c. Showing them how to quickly scan an oscilloscope to detect
ignition problems related to emission increases.

d. Providing guidelines for repair decisions.

e. Teaching techniques for low-cost repair of defects.

c. Engine Diagnoses through Exhaust Gas Analysis

The most important part of the training program
was to showimechanics how to diagnose engines by simply messuring HC and CO
at idle and 2500 RPM. Problems with most engines can be detected by a
quick inspection of these four values. A goal of the training course was
to have the mechanics immediately obtain these values as the primary basis
for any diagnosis. If they needed further information to make or confirm
their diagnoses, they should seek that secondly. It requires a considerable
amount of training and on-the-job experience to divert a mechanic's diag-
nostic habits away from conventional procedures and convert him to first
think about exhaust emissions. Once this conversion occurs, his diagnostic
speed and accuracy is significantly increased.

Examples of HC and CO values at idle and 2500 RPM
for common engine malfunctions are given in Table 7. These si-nles are
grouped into two classifications: high CO emissions and high ‘. emissions.
A1l of the engine malfunctions due to excessive C0 are related to improper
carburetion. Engine maifunctions related to excessive HC emissicons include
defects in ignition system, the exhaust valves and lean carburetion. Common
causes of excessive exhaust emissions are given in Table 8. Both of the
above tables were prepared for the mechanics as on-the-job reference
material.

d. Cost-Effectiveness Repairs

The mechanics were taught cost-effective repair
techniques and given repair limitations. Examples of cost-effective re-
pair techniques are:

(1) If the carburetor is operating too rich,
bring the engine up to about 2500 RPM without the air cieaner. Then cover
the carburetor inlet with a shop towel until it nearly stalls. Repeat this
process several times. This technique forces gasoline into the air bleed
passages of the carburetor. When a carburetor is operating too rich, these
air passages are often plugged up and can be cleaned out by this process.

(2) If the carburetor idle adjustment screws have
no effect or if the idle mixture is too rich or too iean and cannot be
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TABLE 7

GUIDE FOR ENGINE DIAGNOSIS THROUGH EXHAUST GAS ANALYSIS*

HIGH CO EMISSIONS

o HC
ENGINE MALFUNCTION
IDLE 2500 RPM IDLE 2500 RPM
High Normal Slightly Normal Idle Jdets too Rich
Above Normal
High Above Slightly Normal Plugged PCV System
Normal - | Above Normal
High Slightly] Slightly Normal Plugged Air Bleed in
Above Above Normai Idle Circuit
Normal
High High Slightly Stightly Partially Closed Choke
Above Normal Above Normal
Slightly High Normal Normal Plugged Air Cleaner
Above Normal - '
Normal High Ncrmal STightly Oversized Main Jets
Above Normal
Normal High Normal Slightly Leaking Power Jet
Above Normal
Normal or Above Normal Normal High Carburetor Float Level
Above Normai Normal )
HIGH HC EMISSIONS
Normal Normal Very High Very High Ignition System Misfire
Normal Normal Above Normal Above Normal Advanced Ignition Timing
Slightly Usually High Above Normal Intake Manifold Leak
Below Normal Normal
Norma1l Normal High Above MNormal Leaking Exhaust Valves
Low to High Normal Above Normal Normal

Unbalanced Carburetor Idle




TABLE 8
CAUSES OF EXCESSIVE EXHAUST EMISSIONS

EXCESSfVE CO IN THE EXHAUST RESULTS FROM A RICH CARBURETOR CONDiTION.

THIS CONDITION CAN BE CAUSED BY:

W 0 N Oy U1 = W N =

IMPROPERLY ADJUSTED IDLE SCREWS;
A PLUGGED AIR CLEANER;

A DEFECTIVE POWER ENRICHMENT JET;
PLUGGED AIR BLEEDS;

PLUGGED PCV VALVE OR SYSTEM;
OVERSIZED OR DRILLED MAIN JETS;
HIGH CARBURETOR FLOAT LEVEL;
PARTIALLY CLOSED CHOKE, AND

OR OTHER CARBURETOR DEFECTS.

EXCESSIVE HC .IN THE EXHAUST RESULTS FRCM. INCOMPLETE COMBUSTION OF

THE GASOLINE. THIS CONDITION CAN BE CAUSED BY:

ll
2,

MISFIRE DUE TO IGNITION SYSTEM FAILURE (SPARK PLUGS OR WIRING);

MISFIRE FROM TOO LEAN A MIXTURE (CARBURETOR PROBLEMS OR
INTAKE MANIFOLD LEAKAGE)

BURNED OR STICKING EXHAUST VALVES;:
OVER-ADVANCED SPARK TIMING, AND
EXCESSIVELY RICH CARBURETION,

26



corrected with the idle screws, remove the screws and blow through the holes
with compressed air and/or carburetor cleaner.

(3) If the carburetor throttle body and other
carburetor parts like the choke mechanism are affected by deposits, use a
spray~-type carburetor (aerosol can) cleaner to remove deposits.

Repair limitations are given in the MPC Tune-up
Procedure in the previous section, III,B,2.

. e. An abbreviated one-page work sheet was designed to
speed up the tune-up work. This sheet is shown in Table 9. The sheet is
arranged in the same sequence as the tune-up procedure. It was used during
the training course as a guide in following the procedure and for recording
emission data for the diagnostic process.

While the engines were warming up at fast idle, the
mechanics were instructed to fill in the rectangles outlined with wide black
lines. This provides them with engine adjustment specifications, MPC emission
goals and MPC emission repair guidelines. Gathering all of this information
at one time and placing it on one sheet for easy reference saves time.

After the trained mechanic performs a few MPC
tune-ups, the abbreviated work sheet, a book of engine tune-up specifications
and the MPC guidelines in Table 4 are all he needs for guidance and documen-
tation.

5. Selection and Solicitation of the Test Vehicles

a. Vehicle Selection

A 300 car sample was selected to be representative
of the 1957 through 1970 passenger car population in California. This 300
car sample is shown in Table D-1 in Appendix D.

b. Vehicle Solicitation

The solicitation of test vehicles was a much more
difficult task than estimated. The major reason for this was probably because
-owners were not specifically tecld what would be done to their vehicles. An
offer of a free tune-up was specifically avoided so that the sample would not
have an abnormal amount of vehicles needing a tune-up.

The first solicitation approach was to obtain a
computer print-out which identified 12,000 vehicles in the Montebello area.
Three vehicles were randomly selected for each vehicle type needed. A
personalized Tetter shown in Figure D-1 in Appendix D was sant out to each
potential participant. The intent of this letter was to generate enough
interest in the program so that owners weuld participate. Their participation
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TABLE 9
CAR # LICENSE # ODOMETER

CARCO MPC TUNE-UP WORK SHEET

PART 1: MAINTENANCE

A. Heat Riser: Free [ 1] Open [ 1] Closed [ 1 None [ 1
B. Air Cleaner: OK [ 1 Replace [ ] Cleaned [ ]
C. Crankcase Pressure: Pass [ 1 Fail [ 1 Replaced [ ]

PART II:  INITIAL DIAGNOSIS AND ADJUSTMENTS (ENGINE WARMED UP)

A. Air Pump Output: Pass [ Fail [ 1 None [ -]
B.  MPC Idle Speed and Mixture Goals:  Speed % €O
INITIAL FINAL
ENGINE CONDITION W/FILTER [ J[W/0 FILTER[ | W/FILTER
co HC Co HC
2500 RPM

MPC REPAIR GUIDELINE

MPC IDLE

MPC REPAIR GUIDELINE

C. Scope Pattern: H Nuﬂh'rng;%;YMHEM?WMM‘mAbnOFEAT [ ]
D. Fulton Tester: Pass [ ] Fail [ ]
E. Dwell: MPC Spec. Basic Timing, Mfgr's. Spec.

PART III: IGNITION SYSTEM REPAIR (FAILED FULTON TEST)

A. Inspect and Replace Spark Plugs [ 1]
B. Repeat Fulton Test Pass [ Fail [ 1
PART IV: FAILED SECOND FULTON TEST. AND/OR HC/CO TEST (ISOLATE CYLINDERS INVOLVED)

Scope Cyl. # 1 2 3 4 5 6 7
Drop

Eng. Cyl. # 1

FINAL DIAGNOSIS AND COMMENTS:
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would minimize the number of vehicles entering the program because their
engines required work. A self-address, prepaid postcard (Figure D-2 in
Appendix D) was included with the letter for return by interested vehicle
owners.

The public's response to this letter was poor. Of
the 450 letters sent to vehicle owners, 14 postcards were returned of in-
terested persons. Of these 14 postcards, seven of these vehicles could not
be used in the program. Thirty-seven (37) letters were returned because
no forwarding address was available.

Follow-up calls were then made to vehicle owners
who were sent the Tetters. Of the 76 calls made:

(1) 49 owners had either moved or did not have
listed telephones;

(2) 24 were not interested in participating; and

(3) 3 were interested and mailed the postcards
for their participation at a later date.

The net result of solicitation by mail and tele-
phone contact resulted in placing ten vehicles on test.

Other methods of seclicitation subsequently used
were:

(1) newspaper advertisements;
(2) notices on bulletin boards of small businesses;

(3) an article in the Newsletter of the City of
Commerce's Chamber of Commerce; and

(4) word of mouth.

A typical example of a newspaper advertisement is
given-in Figure D-3 in Appendix D.

6. Test Results

‘ This.section of the report discusses emission, fuel
consumption, and driveability test results obtained from the vehicles se-
lTected for MPC tune-ups. The results are presented urder three headings

entitled: Rejected Vehicles, After MPC Tune-up, and After Six Months of
Service. ' '
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a. Rejected Vehicles

The scope of the MPC tune-up program excluded
engines with inoperative cylinders because of defective valves. These
vehicles were rejected after the "as received" emission tests by the Class A
mechanics. When the mechanic's diagnosis of a vehicle revealed a burned or
defective valve, he was instructed to reject the vehicle. This process was
useful in establishing how many vehicles have defective valves and what
their level of emissions are compared to other vehicles.

A total of nine vehicles was rejected from the
program. Eight were pre-1966 vehicles without exhaust emission controls
provided by the original manufacturer (hereafter called uncontrolled ve-
hicles). One was a post-1965 vehicle with exhaust emission controls by the
original manufacturer (hereafter called a controlled vehicle). The 300
~ vehicle population tested consisted of 159 uncontrolled vehicles and 141 con-
trolled vehicles. Data on these vehicles are given in Table 10.

The emission tests on three of the nine vehicles
showed that valve burning was not probably present. This was true even
though the diagnoses of two of the three vehicles showed that the compression
on some cylinders was low. These engines probably had valves that were
sticking open at idle but were closing under power.

This data shows that the percentage of pre-1966
vehicles with burned exhaust valves was about 4%. The percentage of 1966-
1970 vehicles with burned exhaust valves was less than 1%. It is interesting
to note that the average level of HC emissions from the uncontrolled vehicles
with burned valves was only about twice as much as the average of uncontrolled
vehicles without burned valves. If the two vehicles referred to above with
low emissions are excluded from this group, the average emissions for the
other six equals 19.9 grams per mile. The average "as received" HC emissions
for the group of 153 uncontrolled vehicles was 10.8 grama per mile. This
shows that HC emissions increased by about 9 grams per mile due to valve
burning. This HC emission increase is highly dependent upon the severity
of the valve damage and the number of cylinders involved. Usually burned
valves are detected and repaired when a rough idle develops.

The above data was used to calculate the increase
in vehicle HC emissions due to exhaust valve burning. The calculation is
given in Table D-2 in Appendix D. It shows that burned exhaust valves are
responsible for about 2.8% of the vehicle HC exhaust emissions. This
assumes that the vehicle population consists of pre-1971 vehicles and valve
burning in 1966-1970 vehicles is 1/2%. If the percentage of vehicles with
burned vaives remains the same in the future, the total quantity of HC
emissions exhausted due to burned valves will remain the same. However,
the percentage of the total vehicle HC emissions due to burned valves will
increase because an added 9 grams per mile on a lower emission vehicle
become a greater percentage of that vehicle's HC emissions.
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TABLE 10
REJECTED VEHICLES - BURNED VALVES

I.  UNCONTROLLED VEHICLES

CAR # | YEAR & MAKE HC ODOMETER MECHANICS' COMMENTS
GMS/MI MILES

A003 | '63 Mercury 16.0 114,001 | Dead cylinder

A023 | '62 Cadillac | 32.10 124,408 | Collapsed valve lifters or burned valves
A064 | '65 Ford 26.20 81,327 | No compression on No. 8 cylinder

A067 | '64 Ford 17.45 91,094 | Zero compression on No. 3 cy]inder.

A0C88 | '61 Mercury 6.26 87,925 | Two cylinders--no compression

BOO9 | '64 Ford 6.77 | 81,005 | Burned valve

BO71 | '58 Chevrolet| 9.88 124,822 | Low compression--one cylinder (35 psi)
A163 | '61 Cadillac 17.5 | Defective | Burned valves

AVERAGE 16.5 100,654

I1. CONTROLLED VEHICLES

B0S6 "69 0lds. I 4.70 | 41,142 I 80 psi compression in No. 1 cylinder
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The contribution of burned or sticking valves to
the total vehicle HC emissions discussed above is lower than expected.
Possible reasons for this are as follows:

(1) Burned and sticky valves result in a rough
idle which is easily detected by vehicle owners. Therefore, repairs may
be made before high emission levels are reached.

(2) Engine operation at speeds faster than idle
give the defective valves less time to leak.

(3) Engine operation under load tends to seat
valves that stick open at idle.

(4) The fuel may burn more completely in the
cylinder and in the exhaust ports than expected.

Two owners of vehicles rejected decided to repair
the exhaust valves in their engines in order to participate in the program.
The HC and CO emissions for these vehicles before and after the valve work
are given in Table 11 below.

TABLE 11
VEHICLES WITH VALVE REPAIR AFTER REJECTION

EMISSIONS - GM/MI EMISSIONS - GM/MI

VEHICLE BEFORE VALVE WORK AFTER VALVE WORK
B0OOS 1964 Ford 6.77 58.2 4.76 99.9
A163 1961 Cadillac 17.5 124.8 5.50 109.0
AVERAGE : 12.1 91.5 5.13 104.5

The 1974 Ford probably had sticking valves instead
of burned valves because the HC emissions under load were normal. The valve
work on the vehicle only decreased the HC emissions slightly. The 1961
Cadillac probably had reascnably severe valve burning because the valve work
reduced HC emissions by a factor of 3.
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b. After MPC Tune-up

The summary of the test results on 300 vehicles
given MPC tune-ups is shown in Table 12. Sizable emission reductions were
obtained on vehicles with and without factory controls. Larger HC, CO, and
fuel consumption reductions were obtained with the older uncontrolled ve-
hicles because they were adjusted leaner than manufacturer's specifications
and were more poorly maintained. As expected, the NOx emission increased
due to the leaning of the air-fuel mixture.

The average costs for the MPC tune-ups on uncontrolled
and controlled vehicles were both low. The MPC tune-up is particularly
cost-effective on the uncontrolled vehicles when the cost savings in fuel
consumption and large HC reductions are considered.

_ The change in vehicle driveability due to the MPC
tune-up was satisfactory. The owners were the most critical on a question-
naire mailed back immediately after the tune-up. At the two week interview,
54% of the owners said the vehicle performed better, 31% said there was no
change, and only 15% said the vehicle performed worse. Tests by the CARCO
technician showed that the vehicle performance was better on 54%, the same
on 16% and worse on 29%. These results are encouraging because the lean
tuning reduces the performance of many vehicles.

It would appear that the 15% of the owners report-
ing worse performance could be a serious defect in the MPC procedure. This
is probably not true because driveability results on 50 vehicles equipped
with dummy VSAD kits showed that 48% of the owners thought that the vehicles
drove worse. These dummy kits did not disconnect the vacuum spark advance
and no other work was done to the engines. This shows that vehicle owners
become very critical when asked about their vehicle's performance after
some work was presumably done to the engine.

Driveability tests performed by CARCO technicians
showed that the test fleet had 830 demerits before the MPC tune-ups and 470
after. Further information on owner acceptance of MPC tune-ups was obtained
after six months. This information is discussed in the next section.

The 300 vehicle test fleet was comprised of two
groups of vehicles. One hundred (100) of these vehicles called "B" vehicles
were given MPC tune-ups and two weeks later had VSAD kits installed. The
other 200 vehicles were given oniy MPC tune-ups.

Table 13 summarizes changes in emissions, fuel
consumption and driveability of "A" and "B" vehicles. The average costs for
the tune-ups are aiso given. It is interesting to note that almost all of
the test and driveability resuits for these two groups c¢f vehicles was
nearly the same for the first two weeks. Thase results show that the two
similar groups (selected to both be representative of 1955-1970 vehicles)
were apparently large encugh to offset individual vehicle differences.
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TABLE 12
SUMMARY OF TEST RESULTS--BEFORE AND AFTER MPC TUNE-UPS
EMISSIONS - GRAMS/MILE

'Before After | % Reduction

Controlled Vehicles
HC 4.82 3.55 26.3
co 45.9 - 29.5 35.7
NOX 4.28 4.47 {4.8)
Uncontfol]ed Vehicles '
HC 10.8 6.22 42.4
co 83.8 54.6 ' 34.9
NOX 3.2 3.38 - 5.3
Composite
HC 7.96 4.94 37.9
co 66.0 42.8 35,2

- NOX 3.70 3.89 (5.1

COSTS - AVERAGE |

141 Controlled Vehicles...vvv..... $26.46
159 Uncontrolled Vehicles......... $28.66
300 Total VehicleS.vvieevueunnnn.. $27.47

FUEL CONSUMPTION - % REDUCTION

Controlled VehicleS.veeweennnnnnn. 2.7%
Uncontrolled Vehicles.......v..... 6.8%
ComposSTite. ti vt i ittt 4.,9%
DRIVEABILITY
Owner Mail-Back Questionnaire
Better - % of Vehicles 43
Worse - % of Vehicles 30

No Change - % of Vehicles 27

Owner Interview After Two Weeks
Better - % of Vehicles 54
Worse - % of Vehicles 15
No Change - % of Vehicles 31

CARCO Drivers After MPC

Better - % of Vehicles 55
Worse - % of Vehicles 29
No Change - % of Vehicles 16
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TABLE 13

Data Summary for 200 "A" Cars and 100 "B" Cars

Before and After MPC Tune-Ups

"A" Cars
Hydrocarbon Emission
Before - Grams / Mile 7.89
After - Grams / Mile 5.06
% Change -37.9
Carbon Monoxide Emission
Before - Grams / Mile 62.5
After - Grams / Mile 41.1
% Change -34.2
Oxides of Nitrogen Emission
Before - Grams / Mile 3.70
After - Grams / Mile 3.88
% Change +3.19
Average Cost - Dollars 27.10
Fuel Consumption = Change - % -5.19
Driveability
Owner Mail - Back Questionnaire
Better - No. of Cars / % 86/43
Worse - No. of Cars / % 61/30
No Change - No. of Cars / % 53/27
Owner Interview After 2 Weeks
Better - No. of Cars / % 107/54
Worse - No. of Cars / % 32/16
No Change - No. of Cars / % 61/30
CARCO Drivers After MPC
Better - No. of Cars / % 115/58
Worse - No. of Cars / % 57/28
No Change - No. of Cars / % 28/14
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The good agreement between the emissjon levels of the "as received" vehicles
of both groups, the assignment of "B" vehicles early in the program and the
changes in soliciting techniques throughout the program indicate that these
vehicles are probably representative of those from a 15 mile radius of
Montebello, California. These "as received" emissions are higher than

those from vehicles tested in a study (1) by Northrop Corporation conducted
two years earlier. Possible reasons for this are:

(1) the vehicles in this study were emission
tested first and only rejected when the Class A mechanics reported dead
cylinders and

(2) the population of vehicles in this study
are two years older and probably in poorer condition.

Summaries of information and performance data for
each of the 10 Class A stations and mechanics are given in Tables 14 and 15.
This data was tabulated and analyzed in an attempt to determine if there
are any relationships between: :

(a) station type

(b) the mechanic's experience, age and class
grade

(c) station specialty

(d) the effectiveness and cost of the MPC
tune-up

A cost-effectiveness shown in Table 14 was calculated by dividing the station's
average cost of tune-ups by the sum of the percent reductions in HC and CO.

The only parameters producing a possible correlation
are the cost effectiveness versus the years of mechanic experience. This
relationship is shown in Figure 1. and is the reverse of what might be ex-
pected. The men with fewer number of years working as Class A mechanics
produced the most cost-efféctive tune-ups. This is not due to the fact that
the older men receive a higher rate of pay because greater emission reduc-
tions were the primary factor. Variables such as differences in vehicles,
labor rates, the condition of vehicles, working conditions, and business
practices tend to obscure the talents and traits of individual mechanics.

Common traits of the younger and less experienced
mechanics were that they appeared more competitive and motivated toward

reducing emissions. Motivation, management support, and low emission tune-up
training appear to be essential in controlling used vehicle exhaust emissions.
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FIGURE 1

CORRELATION BETWEEN MECHANIC EXPERIENCE AND THE
COST EFFECTIVENESS OF THE MPC TUNE-UP
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YEARS OF MECHANIC EXPERIENCE
¢. Analysis of Initial Emission Reductions

The original concept of the MPC tune-up approach to
reducing used vehicle emissions was that every vehicle should be diagnosed,
repaired and adjusted to its minimum polluticn capability. The test data
on the initial effectiveness of the MPC tune-up indicate that perhaps every
vehicle should not be adjusted and/or repaired because 33% of the controlled
vehicles and 26% of the uncontrolled vehicles increased in hydrocarbons after
the tune-up. Twenty-two percent (22%) of the controlled vehicles and 13% of
the uncontrolied vehicles increased in carbon monoxide after the tune-up.

Most of the vehicles that fincreased in emissions
had low emissions prior to the tune-up work. The average controlled vehicle
that increased in HC was below about 2.5 grams per mile compared to 4.8 grams
per mile for the fleet. The average uncontrolled vehicle that increased HC
was below about 5.0 grams per mile compared tc 10.8 for the total fleet.
The average controlled vehicle that increases in CO was below about 27 grams
per miie compared to 45.9 grams per mile for the total fleet. The average
uncontrolled vehicle that increased in CO was below about 44 grams per mile
compared to 83.8 grams per mile for the total fleet.
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The above data indicates that vehicles with emission
Tevels of one-half the average of their group should not be tuned up. This
is approximately true for both HC and CO emissions and both groups of vehicles.

These emission increases may have been due to improper
repairs or adjustments. Improper adjustments could have consisted of:

(1) excessive leaning resulting in lean misfires

(2) too 1lean or too rich carburetor adjustments
due to faulty instruments

(3) mechanic errors

(4) advancing the spark timing of engines which
were overly retarded.

Thirty percent (30%) of the total fleet (controlled
p]us uncontroiled vehicles) increased in HC after tune-ups. If these vehicles
were not tuned, 5.3% greater HC reductions would have been attained (43.2%
reduction ra+her than 37.9%). The difficulty in attaining this added reduc-
tion is determining how to isolate the vehicles that should not be tuned--
short of running an expensive 7-mode test on every vehicle. Even with the
7-mode data, a problem exists on how to determine which ones wouid increase
in HC if tuned. This could be approximated by rejecting 30% of the Towest
emitters, but considerable overlap occurred where some of the Tower emitters
decreased and others increased in HC emissions.

A study of the test data was made to determine the
amount of emission reductions attainable if the top 10%, 25%, and 50% emitters
were rejected by the 7-mode emission test or i1ts equivalent. The results are
given in Tables 16. and 17. It is important to note that the reductions cal-
culated are those for the group of vehicles immediately after tune-up. The
advisability of rejecting a percentage of the vehicles for MPC tune-ups rather
than tuning all vehicles will depend on how much the total fleet emissions in-
crease from the vehicles not rejected and not given preventative maintenance.
This subject is discussed in further detail in the next section.

In Table 16, it is shown that a significant HC reduc-
tion is attained by only rejecting and repairing 10% of the vehicles. The
cost effectiveness is the highest of any other percentages. This is true
because ignition misfires increase HC emissions by an order of magnitude.

They are, therefore, included in the top 10% emitters and are inexpensive to
repair. The rejection and repair of 50% of the vehicles produce about the
same amount of emission reductions as for all vehicles. This is true because
some of the lower emitting vehicles increase in emissions due to the iune-up,
and the greatest emission reductions are gained from tuning the highest
emitters. _
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This is shown graphically from plots of HC levels
versus the number of vehicles at these HC levels in Figures 2. and 3,
Figure 2. shows the HC distribution for uncontrolled vehicles before and
after MPC tune-ups. Partial misfires are shown by the peak on the “"Before
MPC Tune-Ups" curve at 18 grams/mile. Complete misfires are shown by a
second peak on this curve at 39 grams/mile. A comparison between the before
and after MPC tune-up curves shows that the second peak was eliminated and
the first peak substantially reduced by the repair.

Figure 3. shows the distribution of HC emissions for
the controlled vehicles. In this group of vehicles, there was one that had
a complete misfire giving 37 grams/mile. There was no distinct peak at about
18 grams/mile but there was a number of high emitters in this range that were
eliminated by MPC tune-ups.

The costs assigned to the rejected vehicles in
Tables 16 and 17 assume that all vehicles are tested at a cost of $5. The
rejected vehicles are retested after repair. The cost tabulated is the
average cost per vehicle. In other words, the cost to test and repair all
vehicles is divided by the total vehicle fleet. These cost figures are used
to calculate a cost-effectiveness quotient. The quotient is the average cost
per vehicle divided by the reduction in total grams/mile for all vehicles.

Table 17 shows that the rejection and repair of the
highest 10% emitters of CO are not as effective or cost effective as reject-
ing and repairing 25% to 50% of the vehicles. This is true because the greatest
reductions in CO from both controlled and uncontrolled vehicles were from the
moderately high emitters and not the highest emitters as was the case for HC.
This is shownin distribution graphs in Figures 4. and 5.

An over-all view of the effectiveness, cost, and
cost effectiveness of rejecting and repairing various percentages of the ve-
hicles can be attained by studying the graphs in Figure 6. The top graph
is for HC emissions and the lower one is for CO emissions. The solid lines
arﬁ_f?r the controlled vehicles and the dashed lines for the uncontrolled
vehicles,

It is interesting to compare the level of cost-effec-
tiveness curves for controlled and uncontrolled vehicles. The control of HC
in uncontrolled vehicles is much more cost effective than in controlled ve-
hicles. This is because much greater reductions are achieved at roughly the
same costs. The slope of the cost-effectiveness curve for the uncontrolled
vehicles is much less than for controlled vehicles. Tuning all of the un-
controlled vehicles is about twice as cost effective as tuning the upper 10%
of the controlled vehicles--even though the repair of these 10% is the most
cost effective for controlled vehicles. This does not indicate that the con-
trolled vehicles are not cost effective but does emphasize the very high
cost-effectiveness of tuning uncontrolled vehicies.
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Figure 6. shows that the cost effectiveness of
tuning uncontrolled and controlied vehicles for CO control is more nearly
the same, particularly when a small percentage of the vehicles are repaired.
MPC tune-ups are still more cost effective on uncontrolled vehicles but the
difference is less than 2 to 1. In contrast to HC control, the cost effec-
tiveness for CO control of both groups of vehicles is poorer when 10% of the
vehicles are repaired. '

When approximately 75% to 80% of the vehicles are
tested and repaired, the cost equals that to tune all of the vehicles. This
is shown by extrapolating the HC control cost curves in Figure 6. to points
.$10 higher than the costs for all of the vehicles ($5 to test and $5 to re-
test). The intersections of these extrapolations and the tune-up costs for
all vehicles are at 75% to 80%.

_ In Figure 7., the HC emissions for uncontrolled
vehicles before and after MPC tune-ups are plotted against the accumulative
percentage of these vehicles. The area between these curves is proportional
to the amount of HC emissions controlled by tuning all vehicles. If 25% of
 the vehicles were rejected and repaired, then it would appear that the area
between the curves in Region C would be eliminated. This assumes that these
vehicles stay within Region C after tune-up. In the data analysis described
previously, the rejection and repair of 25% of the vehicles resulted in an
80% reduction in HC. A comparison of the areas in Figure 7. shows only about
a 60% reduction. Therefore, some of the higher emitting vehicles in Region C
must have moved into one of the lower emission regions. Without this know-
ledge, it would appear that tuning only 25% of the vehicles would leave the
HC emissions in Regions A and B.

One problem with rejecting vehicles above a certain
emission level is that some vehicles rejected may already be at their minimum
emission Tevel. This can be illustrated in Figure 7. by observing that
horizontal Tines labeled 25% and 50% rejection intersect both the before and
after MPC tune-up curves.

The test data was analyzed to determine if a simple
no load test (using garage-type HC and CO meters) could be helpful in detect-
ing the. Tow emission vehicles that perhaps should not be tuned. Several plots
of no-load emissions versus 7-mode emissions were made to determine if there
was any correlation. The following emission measurements taken by Class A
mechanics were plotted against 7-mode HC emissions.

(1) .3 HC @ idle + .7 HC €@ 2500 RPM

(2) HC @ 2500 RPM

(3) HC @ idle

(4) €O @ idle
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The following emission measurements taken by Class A
mechan1cs were plotted against 7-mode CO emissions:

(1) co e idle
(2) €O @ 2500 RPM
None of the above piots showed any useful correlation.

It has been shown(z) that the idle measurements
taken during 7-mode cycle hot emission tests are useful in isolating vehicles
with high emissions. The correlation between idle measurements made during
7-mode emission tests and those made by the ten Class A stations is shown in
Figure 8. The wide scatter of points shows that this inspection method
may be less effective when measurements are made by several operators and
with several instruments. Figure 9 is a comparison involving one mechanic and
one instrument. Possible reasons for this poor correlation could be:

(1) variations in conditions such as engine operating
temperatures,

(2) wmechanical variations in the engine such as
carburetor float level,

(3) improper instrument readings, and
(4) defective or improperly calibrated meters.

Another important factor to consider in determining
if every vehicle should be periodically tuned to MPC or if the lower emitters
should be excludad is the amount of degradation in emission control in service.
It is possible that the preventative maintenance and other work performed in
the MPC tune-ups on vehicles that increased in HC could have prevented these
vehicles from increasing substantially. This is discussed further in the
next section where the test resuits after six months are presented.

d. After Six Months of Service

A total of 267 vehicles were returned for six month
emission tests. Of the 33 vehicles not returned, 11 were Junked 15 were
scld or moved out of the area and the other 7 were uncooperative or could not
be contacted. The results of tests before and after MPC tune-ups on these
vehicles show that they were reasonably representative of the total fleet.
Therefore, their loss should not bias the six month results. The initial
tes% g$su1ts on these 33 vehicles are compared with the cther 257 vehicles
in Table 18.

A comparison of the average emissions before and
after MPC tune-ups for the original 300 vehicle fleet and the 267 vehicle
fleet is shown in Table 19. The two fleets show very good agreement.

51



FIGURE 8

IDLE CO MEASURED BY VARIOUS CLASS A MECHANICS
VERSUS IDLE CO MEASURED DURING 7-MODE TEST
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TABLE 18

INITIAL TEST RESULTS FOR VEHICLES NOT
RETURNED FOR SIX MONTH EMISSION TEST

BEFORE AFTER % CHANGE
MPC TUNE-UP MPC TUNE-UP

" @ o n O o " & @
Q — Q < — 0 QL < — T
— 5. [S RN ] —~ O Q — S Q@
(& e o= Q>3 w— [ R 3 o~
= 43 K g Y — Koy W o 43 [Kengyy ¥
Lo 47 R § Ly ¢h) [+ e LD L >
O o = 9 R4 = T = P
- [eF] - [ - (1]
+ ™~ o2 + Mo + I~

PARAMETER PR e K38 8 U N
HC - Gms./Mi. 3.89 7.83 4.84 4.96 -45.5 | -36.7
CO - Gms./Mi. 70.3 65.4 46.4 42.4 -34.0 | -35.2
NOX - Gms./Mi. 3.49 { 3.72 3.66 3.93 + 4,01+ 5.6
Fuel - Gms./Test 494 482 477 458 -3.41-5.0
Cost | $27.77 [$27.40 | mmem | memm | e | —ee-

(1) 7-Mode Test Results

The results of 7-mode tests performed after six
months of service are very promising. These results are shown in Table 20.
The 267 vehicles tested are divided into the following four groups:

Group 1: No repairs or adjustments performed
during the six month period. This group represents 62% of the vehicles.

Group 2: The owners of vehicles in this group
complained that the operation of their vehicles was not acceptable and they
would not "Tive with it" for six months. The vehicles were returned to the
same Class A mechanics who performed the tune-ups whenever possible. Twelve
percent (12%) of the vehicles were in this group.

Group 3: The owners of vehicles in this group
performed work on the engines of their vehicles which may have affected the
emission Tevels. Twenty-two percent (22%) of the vehicles were in this group.

Group 4: This group is a combination of groups
2 and 3. They represent 4% of the vehicles.
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The six month changes in emissions and fuel
consumption were calculated for each group. The percent change of these
parameters relative to the before and after tune-up values are tabulated
in Table 20. The increases in emissions and fuel consumption of the 165
vehicles in Group 1 during the six months were small. This is very en-
couraging in contrast to the results obtained in & study by Northrop
Corporation (3). In this study, 50% of the higher emitting fleet vehicles
were repaired. After six months, they were retested and the fleet emissions
were at approximately the same level as before testing and repair. This
indicates that the preventative maintenance steps in the MPC tune-up pro-
cedure are effective. The HC reductions for the Group 1 vehicles are lower
than the other groups. One explanation is that these vehicles were in better
condition and were, therefore, tuned without difficulty or complaints. The
lower HC levels support this explanation. .

The six month tests on the total fleet of ve-
hicles show about the same results. The s1ight improvement in NOx is
probably due to the increase in C0. Carburetors usually become richer in
use and the result decreases NOy. The increased fuel consumption corre-
sponds to the increased CO.

The Group 2, 3, and 4 vehicles had higher
emissions prior to the MPC tune-ups than the Group 1 vehicles. The emission
reducticns after MPC tune-ups were also higher. Greater changes in engine
adjustments and repairs during the MPC tune-ups probably provided the higher
emission reductions. They probably aiso resulted in owner complaints and
extra engine work. The lardge decreases in CO after MPC tune-ups for Groups
2 and 3 and the subsequent increase over six months indicate that carburetor
repair was involved. The cost figures fcr tune-ups shown in Table 20 support
this thought for Group 2 but not for Group 3.

It is impertent to note that if the Class A
stations were upgraded with HC-CO meters and the mechanics trained to per-
form Tow emission tune-ups, that the emissions levels could stay down even
if about one-third of the vehicles received work after the tune-up. Under
these conditions, the owner would usually return his vehicle to an upgraded
station for this work. Most of the time, they would return it to the sta-
tion performing the original tune-up. Changes in the MPC tune-up procedure
discussed in Secticn III,B,7 could reduce the number of dissatisfied owners.

The vehicle owners were requested not to do
any work on their engines unless they contacted CARCO. If a complaint
occurred, the CARCO mechanic established if the problem was invelved with
the MPC tune-up. If the tune-up was involved but did not create a sever
or unsafe situation, the owner was asked to "live with it". If the problem
was serijous or unacceptable to the cwner, the vehicie was sent to the Class A
mechanic who performed the tune-up. A inore detailed explanation of the
ground rules used for handiing owner complaints is given in Table [-3 in
Appendix D.
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At the time of the six month interview, the
owner was asked if any work was done to the engine of his vehicle. This
interview information, work documented at time of complaints, and data
gained from the through diagnoses at six months were used to place vehicles
in the four groups discussed above.

In Table 21, the vehiclies are divided into
two general classifications -- "No Service" and "With Service"--during the
six months. It is interesting to note that before the tune-up, HC emissions
of vehicles "with service" were about 25% higher than the "no service" ve-
hicles. The after tune-up emissions for both classifications were nearly
the same. The tune-up costs for both classifications were also nearly the
same.

Six month emission results for controlled and
.uncontrolled vehicles are given separately in Table 22. The HC percent
reduction after six months is considerably more on the uncontrolled vehicles
than the contrclied (36.5 versus 11.2). On the basis of mass emissions re-
moved from the air, MPC tune-~ups on uncontrolled vehicles were removing
over four times as much HC emissions as controlled vehicles. Since the
cost of tune-ups for both classes of vehicles is roughly the same, the cost
effectiveness of tune-ups on older vehicles is four times greater.

Graphs showing the distribution of HC and CC
emissions for the total fleet are shown in Figures 10 and 11 respectively.
These graphs show that emission levels vary greatly over the venhicle popu-
lation. The top curves represent the emissions of the test fleet before
the MPC tune-ups. The lcwer curves represent the emissions of the fleet
after MPC tune-ups. The area between these curves is proportional to the
quantity of emissions eliminated by the tune-ups. The curves labeled
"After Six Months" show the emissions of the test fleet after six months
of service. The area between the two lower curves represents the degrada-
tion of MPC tune-ups in six months.

A display of the test data in this manner is
useful in showing how changes such as tune-ups affect the emissions of the
test fleet as a whole. It cannot be assumed that a vehicle at any point
on the "Before MPC Tune-up" curve was lowered to that same point on the
lower curve labeled "After MPC Tune-up". A vehicle's positicn on the
accumulative % of vehicles scale may change alsc. These graphs show the
distribution of emission Tevels for a population of vehicles under a given
set of conditions.

In Figure 10, it is shown that the greatest
HC reductions with MPC tune-ups are attained with the higher emitting ve-
hicles. The amount of dearadation during the six menths of service is
small relative to the initial reductions. The reductions of CO shown in
Fjgure 11 appear to be the greatest with vehicles at the 60 tc 80 accumuia-
tive Z area. It is interesting to note that the nighest CO emitiers were
not substantially reduced. The degradation of £C control during the six
month period was small.
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TABLE 22

EMISSION AND FUEL CONSUMPTION CHANGES FOR UNCONTROLLED
AND CONTROLLED VEHICLES DURING SIX MONTHS

No. OF | BEFORE | AFTER AFTER | CHANGE AFTER SIX MOS. - %
PARAMETERS CARS MPC MPC 6 MOS. | FROM BEFORE | FROM AFTER

(AVG.) (AVG.) (AVG.) MPC MPC
CONTROLLED
HC - Gm/Mi 127 4.62 3.55 4.10 -11.2 +15.5
C0 - Gm/Mi 127 45.6 29.1 33.2 -27.2 +14.1
NOX -~ Gm/Mi 127 4.30 4,52 4.30 0 -4.87
FUEL - Gm/Test 117 469 456 457 -2.56 + .22
AVERAGE COST: 127 $26.75
UNCONTROLLED
HC - Gm/Mi 140 10.7 6.23 6.80 -36.5 +9.15
C0 - Gm/Mi 140 83.4 54.3 57.1 -31.5 +5.16
NOX - Gm/Mi 140 3.19 3.41 3.50 +3.72 +2.64
FUEL - Gm/Test 110 495 456 470 -5.05 +3.07
AVERAGE COST: 140 $28.05
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FIGURE 10

DISTRIBUTION OF HC EMISSIONS
FOR TOTAL TEST FLEET
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(2) Degradation of MPC Tune-Up Emission Control

Figures 12 and 13 show distribution curves for
the emissions of the uncontrolled vehicles in the test fleet. The substan-
tial HC reductions with MPC tune-ups previously reported on this group of
vehicles is shown by the large area between the two curves. The amount of
emission degradation is shown by the area between the "after MPC tune-up"
and "after 6 months" curves. Figure 13 shows how the distribution of HC
changed after six months of service. After the MPC tune-ups, there was a
high emission peak of four vehicles averaging 18.9 grams per mile. After
six months, there was a two vehicle peak averaging 23.4 grams per mile.

Distribution curves for the CO emissions of
the uncontrolled vehicles shown in Figure 14 are similar to those for the
total fleet. The degradation was very small even though the initial reduc-
tions were large.

The HC distribution curves for the controlled
vehicles are shown in Figure 15. The shape of these curves are different
than those for the uncontrolled vehicles because most of the emission levels
are low except for a few high emitters. These high emitters were caused by
partial or complete igniticn misfires. They weigh heavily on the average
emissions of the total fleet. For example, the after tune-up HC emissions
were 26.37% lower than before tune-up. After tune-up, there were no vehicles
over 12 grams/mile. After six months, there were two vehicles over 12 grams/
mile--one at 25.2 grams/mile and the other at 49.2 grams/mile. Both of these
vehicles had oil fouled spark plugs. If these two vehicles were excluded,
the degradation would have been from 26.3% down to 22.5%. Including these
two high emitters changed the reductions from 26.3% down to 11.2%. In other
words, two vehicles with ignition misfires in a fleet of 141 vehicles reduced
the benefit of tune-ups on all vehicles by a factor of 2.

This shows that misfires will become increasingly
more important in lower emission vehicles where one misfiring cylinder will
equal the emissions of about 25 other vehicies. Afterburners, such as cata-
lytic converters, can help alleviate this problem provided they can endure
the added heat load.

The distribution of HC emissions for the con-
trolled vehicles is shown in Figure 16. It is shown that the emissions of
the large population of vehicles shifted up slightly, but the major effect
of degradation was from the two one-vehicle peaks at 25 and 49 grams/mile.

The distribution of CO emissions for the con-
trolled vehicles is shown in Figure 17. The largest degradation of CO
emission control occurred with these vehicles. Most of the degradation took
place in the higher emitting 50% of the fleet. It is interesting to note the
large variation in CO emission levels for these controlled vehicles.
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FIGURE 12

DISTRIBUTION OF HC EMISSIONS
FOR UNCONTROLLED VEHICLES
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CARBON MONOXIDE - GRAMS/MILE

FIGURE 14

DISTRIBUTION OF CO EMISSIONS
FOR UNCONTROLLED VEHICLES
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UNBURNED HYDROCARBONS - GRAMS/MILE

-FIGURE 15

DISTRIBUTION OF HC EMISSIONS FOR CONTROLLED VEHICLES
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FIGURE 17
DISTRIBUTION OF CO EMISSIONS

FOR CONTROLLED VEHICLES
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In order to help determine the influence of
miles traveled on the degradation from six months of service, plots of HC and
CO emissions were made versus mileage. Since the HC reductions obtained from
MPC tune-ups were much larger with the uncontrolled vehicles, the controlled
and uncontrolled vehicles vere treated separately. The vehicles in each group
were divided into two subgroups--those with and without service during the
six months.

Plots of emissions versus mileage are shown in
Figures 18, 19, 20, and 21. Each point plotted (except as noted) is the
average of ten vehicles. The points at zero miies represent the average emis-
sions for that group of vehicles after the MPC tune-ups. The average miles
driven during the six month period are as follows:

Controlled Vehicles = K968 Miles
Uncontrolled Vehicles = 4634 Miles
Composite = 5283 Miles

Figure 18 shows the HC data for uncontrolled
vehicles. It appears that mileage had 1ittle effect on the vehicles with no
service within the 9000 mile interval. The degradation of vehicles with
service was about the same except for the group of six vehicles averaging
slightly over 10,000 miles. This point contained a 1963 Ford with an emis-
sion of 35 grams per mile. The vehicle was using an excessive amount of oil.

Figure 19 is the mileage versus CO emissions
plot for uncontrolled vehicles. The after tune-up CO emissions for the vehi-
cles with and without service during the six months were very close. The
plot shows no significant effect of mileage on emission levels with either
group. The degradation in six months was only 5%.

Figure 20 shows the mileage versus HC emission
data for the controlled vehicles. The after tune-up emissions for the sub-
groups of vehicles with and without service were very close. Mileage had no
significant effect on degradation. As previously stated, the largest effect
of mileage on this group was the o0il fouling of spark plugs in two vehicles.
Points representing ten vehicle averages at about 4,000 and 8,000 miles each
contain one of these high emitters.

The mileage versus CO emission data for the con-
trolled vehicles is shown in Figure 21. There was a rather large difference
in the after tune-up emissions of the vehicles with and without service during
the six months. The vehicles with no service maintained the higher CO Tevels
very well during the six months. The vehicles with service significantly
increased in CO emissions. It appears that this increase was due to the ser-
vice rather than the vehicle use,

Seven of the ten vehicles comprising the high
data point at 6600 miles had carburetor adjustments or work performed after
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the MPC tune-up.

owner complaints of poor performance.
the owner without prior notice to CARCO.

degradation of the emissions of these vehicles.

The service on two of these seven vehicles resulted from

Service on the other five was done by

An important issue previously discussed relates
to whether or not the preventative maintenance of the MPC tune-up on the lower
emission vehicles that increased in emissions after tune-ups prevented a large

If the degradation prevention

was greater than the small emission increases after tune-ups, then all vehicles

should be given periodic Tow emission tune-ups.

This program was nct designed

to obtain the direct answer to this question, but the data in Table 23 offers

some relevant information.

TABLE 23

DEGRADATICN OF HC CONTROL IN VEHICLES WITH INCREASED AND
DECREASED HC EMISSIONS AFTER MPC TUNE-UPS

CO EMISSIONS - GMS./MI.

NO. OF % CHANGE {% CHANGE
TYPE OF VERICLES  |\ruicirs TBEFORE [AFTER | AFTER | AFTER | AFTER
MPC MPC 16 MONTHS MPC {6 MONTHS
Decreased HC Emissions 188 9.20 4,54 5.73 -50.6 -37.7
After MPC Tune-Ups
Increased HC Emissions 79 4,55 6.01 5.03 +32.1 +10.5
After MPC Tune-Ups
Composite of Both Classes 267 7.83 4.96 5.52 -36.6 -29.5

sion tests were divided into two classes.

creased in

The 267 vehicles returned for the six month emis-

that increased after the tune-ups.
average HC emissions for the second class are only one-half of the first class.
HC for the first class decreased by 50.6% after the tune-ups and after six

months, this reduction was degraded to a 37.7% improvement.
emissions from the second class increased after the tune-ups and after six
months, this increase was reduced to 10.5%.

class improved with service.

resulted from lean tuning.

HC emissions after the MPC tune-ups.

The first class was those that de-
The second class was those
It can be noted in Table 23 that the

Conversely, the

The HC emissions from the second

This indicates that the preventative maintenance
aspects of the MPC tune-up may have been important in holding the emissions
of this group at their low level.

. One of the major reascns why the HC
increased on some low emission vehicles could have been that lean
In order to explore this possibility,

emissions
misfiring
€O data

was analyzed for the vehicies with increased HC emissions after tune-ups.
This data is summarized in Table 24.
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TABLE 24

CO EMISSION DATA FOR VEHICLES WITH INCREASED
HC EMISSIONS AFTER MPC TUNE-UPS

TYPE OF NO. OF CO EMISSICNS - GMS./MI. IDLE CO - PPM
VEHICLES VEHICLES | BEFORE | AFTER AFTER SET BY AFTER
MPC MPC 6 MONTHS | MECHANIC | 6 MONTHS

Controlled 42 38.5 33.7 33.0 2.09 2.46
Uncontrolled 37 76.5 61.4 62.4 2.68 3.55
Composite 79 56.2 46.7 46.8 2.37 2.97
Total Fleet 267 65.4 42.4 45.8 2.35 2.75
(Composite)

It is shown that the CO emissions for these
vehicles did not change appreciably during the six month period. This is
true for both the idie settings and the 7-mode test results. Since the 7-mode
emissions decreased during the six months at no significant change in CO, the
possibility of lean misfires accounting for the HC increases is questionable.

The data in Table 24 also shows that the ve-
hicles with increased HC emissions had CO emissions that were:

(a) slightly lower than the total fleet before |
tune-up;

(b) slightly higher than the total fleet after
tune-up; and

(c) about the same as the total fleet after
six months.

This adds further substantiation that the lean misfire was probably not in-
volved.

] Table 24 also shows the degradation of the air-
fuel mixture at idle for these vehicles compared to the total fleet. The in-
crease in CO at idle from 2.37% to 2.97% for the composite of controlled and
uncontrolled vehicles is not significantly different from the composite of
the total fleet.
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(3) Acceptance of Vehicle Owners

The acceptance of vehicle owners to MPC tune-ups
was evaluated by owner interviews after six months. These inverviews were
concluded with the following questions:

(a) Have you rnoticed a change in your car's
performance?

If the answer was yes, then they were asked:
(b) Is that change acceptable to you?
If the answer was no, they were then asked:

(c) Would this change be acceptable if it re-
sulted from a mandatory State precgram for
reducing air pollution?

A tabulation of the results for controlled and
uncontrolled vehicles is given in Table 25. It is shown that 74.5% of %he
vehicle owners said that ar MPC tune-up was acceptable to them. 15.7% said
that it was unacceptable and 9.8% stated that it would be acceptable if it
were part of a mandatory &ir pollution control program.

It is important to note that more ocwners of
controlled vehicles said that the tune-ups were not acceptable than did the
owners of uncontroiled vehicles. This is surprising since the controlled ve-
hicles were tuned to essentially manufacturer's specifications. The carburetor
idle adjustments for the uncontrolled vehicles were not made accerding to
manufacturer's specifications. The idie speeds were set highar and the air-
fuel mixture leaner.

_ The owner acceptance data in Table 26 was also
tabulated according to the four groups previocusly discussed. Group 1 ve-
hicles received no service in six months. Groups 2 through 4 received service
from either the Class A mechanics in the program, the owner, or a combination
of both. The number of owners who found the MPC tune-ups unacceptable was
greater for the vehicles that received service during the six months. This

is expected since poor performance would motivate them toward adjustments or
further repairs. Group 4 vehicle owners were the Teast satisfied with the
tune-ups. Many of the owrers in this group complained to CARCO that they

were not satisfied with the results and, therefore, obtained work on their
own. ’

_ The owner acceptance of MPC tune-ups appears
to be satisfactory when the results from the six month interviews are com-
pared with one month interviews with owners of vehicles with dummy VYSAD kits.
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TABLE 25

OWNER ACCEPTANCE OF MPC TUNE-UPS

OWNER ACCEPTANCE OF MPC TUNE-UPS
VEHICLES WITH AND WITHOUT SERVICE DURING SIX MONTHS

% OF TOTAL VEHICLES

NO. OF ACCEPT.
VEHICLE GROUP VEHICLES | ACCEPT. | NOT ACCEPT. | IF MAN.
Controlled 127 33.7 9.74 4.12
Uncontrolled 140 40.8 6.00 5.62
Composite 267 74.5 15.7 9.8

%.0F GROUP
Controlled 127 70.9 20.5 8.66
Uncontrolled 140 77.9 1.4 10.7
TABLE 26

% OF TOTAL VEHICLES/% OF GROUP
NO. OF NOT ACCEPTABLE
VEHICLES ACCEPTABLE ACCEPTABLE IF MAN.
GROUP 1 165 51.3/83 6.7/11 3.8/6
(None) -
GROUP 2 33 9/73 2.3/18 1.1/9
(Class A Mechanic)
GROUP 3 59 13.1/€0 4.5/20 4.5/20
(Qvner) .
GROUP 4 10 1.1/30 2.3/60 4/10
(Class A Mechanic
and Owner)
Composite 74.5 15.7 9.8
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As discussed previously, dummy VSAD kits were placed on vehicles that did
nothing to the engines. Eight percent (8%) of the owners with dummy kits
stated that the change in their vehicles' performance was unacceptable.

. It is difficult to obtain the "real-world"
acceptance in a voluntary program. In some cases, the owners did not recsive
the degree of repair which they expected and were, therefore, dissatisfied.
In other cases, the owners became overly critical of small differences in
the vehicle's performance. The largest single owner complaint was with cold
starting. When the idle mixtures are leaned, borderline and faulty chokes
become obvious. This problem was not anticipated and was, therefore, over-
looked in the MPC tune-up procedure. This is discussed in further detail
in the next section.

7. Evaluation of the MPC Tune-Up Procedure

The MPC tune-up procedure produced greater exhaust emis~
sion reductions (initialiy and after six months) than previous studies would
predict. However, there are twc areas where improvements in the procedure
could be made. The first is in reducing the number of engine defects affect-
ing emissions that occurred during the six month test period and the second
is in reducing the number of owner complaints. Both of these areas are re-
lated because many engine defects also affect engine performance. They are
discussed below under separate headings.

a. Engine Defects

Table 27 1ists the engine defects that occurred after
the MPC tune-ups. It gives the percentage of these defects detected hy
diagnoses after six months of service. It is not known how many of these
defects were present before or after the MPC tune-ups except the ones causing
ignition misfires. Those causing ignition misfires are obvicus from the
7-mode emission tests. Table 28 1ists the major parts installed at the time
of MPC tune-ups and gives the percentage of vehicles receiving these parts.
The information in this table will be discussed in connection with analyses
of defects that occurred during the six month service period.

(1) Fouled Spark Plugs

After six months of service, four vehicles or
1.3% of the totel fleet had fouled spark piugs. The histories of these ve-
hicles are given in Table 29.

The data in Table 29 shows that these misfires
were not mechanic ervers or a problem with the secondary ignition tester
since new plugs were instailed in the MPC tune-ups in all cases. The plug
fouling in Cars A165 and B046 was definitely caused by excessiva oil con-
sumption. Both of these vehicles had very high mileages. The other two
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TABLE 27

DIAGNOSED PROBLEMS
SIX MONTHS AFTER MPC TUNE-UPS

% OF CARS
DEFECT WITH DEFECT
Fouled Spark Plugs 1.3
Defective Ignition Wires 2.3
Lean Misfire 4.3
Plugged Air Cleaner (75% or More) 14.0
Choke Does Not Open Completely 4.7
Failed Secondary Ignition Test 32.0
Plugged PCV Valve (Less than .5 CFM) 1.0
Defective Vacuum Spark Advance Mechanism 13.0
Defective Centrifugal Advance Mechanism 1.0
Defective Ignition Points 9.0
Excessive Wear of Point Rubbing Block 3.0
Excessive Resistance in Ignition Secondary 2.7
Exhaust Valve Problem 0.7
Excessive Blow-by 4.0
Defective Choke Mechanism 3.3
Frozen Heat Riser Valve . 22.0



TABLE 28

NEW PARTS INSTALLED IN MPC TUNE-UP

PART NAME

% OF VEHICLES RECEIVING PARTS

Spark Plugs
Air Filters
Distributor Points
Ignition Wires
Compiete Set
Individual Wires
PCV Valves
Carburetor Jets
Carburetor Rebuilt Kit
Replacement Carburetor
Distributer Cap
Distributor Retor
Carburetor Choke Parts

5
4

s

—
MRNDWNMNOCTW OSSN i Oy
e ¢ ® s s s e N .
OO~ OWw

TABLE 29

HISTORY OF VERICLES WITH FOULED PLUGS AT 6 MONTHS

INFORMATION CAR NUMBER
A041 Al46 A165 BO4&

Year and Make '68 Chev. '67 Rambler '62 Falcon '63 Dart
Odometer Miles 64,496 €5,596 95,942 103,995
Miles Driven in 6 Months 7,953 3,894 3,664 8,223
Ignition Misfire During
7-Mode Test

Before MPC No No No Yes

After MPC No No No No

After 6 Months Yes Yes ? Yes
Idte HC at 6 Months - RPM 2000+ 2000+ 550 2000+
Spark Plugs Installed:

At MPC Tune-Up Yes Yes Yes Yes

During 6 Months No No No Yes
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vehicles also had high mileages for their ages and the plug fouling was
probably due to ¢i1 consumption. In addition to the above four vehicles
needing spark plugs at six months, the plugs in two other older high mile-
age vehicles were installed by Class A mechanics as a result of owner com-
plaints. These vehicles were a 1959 Ford and a 1959 Cadillac with 82,117
and 131,870 miles respectively. New plugs were installed in the 1959 Ford
at the time of the MPC tune-up. The Ford failed plugs in about 1500 miles
and the Cadillac failed plugs in about 5000 miles. The 7-mode emission
tests on these two vehicles before MPC, after MPC, and at six months showed
no plug fouling.

This brings the total vehicles known to foul
plugs within six months to six out of 300 or 2%. The major cause is oil
fouling which normally occurs on cne or two cylinders with the highest oil
consumption.

The plug fouling problem could be slightly
greater than indicated by the discussion above because 12% of the vehicle
owners reported that they elected to obtain tune-ups without consulting
CARCO during the six month period. Most of these vehicles probably received
new plugs whether they needed them or not.

0f the vehicles receiving tune-ups during the
six month period, 49% of them received new plugs at the time of the MPC
tune-up. The average miles traveled during the six months by vehicles
which received new plugs at the time of the MPC tune-up was 7100 miles.
This very high mileage is probably a strong factor that influenced these
vehicle owners 1in ‘their decisions to get tune-ups. The average miles
§¥gée1ed by all vehicles receiving tune-ups during the six month period was

miles.

The previous data shows that even a six month
periodic maintenance period is too Tong for vehicles in poor condition. On
the other hand, many vehicles were driven 8,000 to 12,000 miles without any
engine work and with normal six month emission tests. This suggests that
quick Tow-cost HC tests at frequent intervals might be cost affective 1o
single out the vehicles needing frequent maintenance.

It is concluded that the methods used to deter-
mine when to repiace spark plugs apoear to be satisfactory for all vehiclies
except those using excessive amounts of o0il in one or more cyiinders. Special
procedures and frequent emission checks would be needed to prevent plug foul-
ing from these engines.

(2) Defective Ignition Wires

The six month diagnoses on 267 vehicles return-
ing for their third emission test showed that 2.3% of them had defective
ignition wires. Only one of these defects {Car No. B106) was serious enough
to cause a significant increase in the HC emissions during the six month



7-mode test. As shown in Table 28, the CARCO trained Class A mechanics
replaced all ignition wires on 5.3% of the engines and individuai wires on
7.0% of the engines. The mechanics were instructed to replace wires that:

(a) show an open circuit or excessive
resistance on the oscilloscope.and

(b) appear badly deteriorated and may fail
within a year's service,

0f a total of 37 ignition wire repairs made on 300 vehicles (12.3%), one-third
of these significantly reduced HC emissions. The HC emissions of one vehicle
(Car No. A220--1959 Chevrolet) increased significantly during the “after MPC"
test. The extent of the increase suggests an igntion misfire. The Class A
mechanic replaced the carburetor and cleaned the air filter. His diagnosis
established that ignition system repair was not required. Driveability re-
ports by CARCO drivers and the owner after the MPC tune-up showed no demerits.
The two week interview revealed that the owner was "very pleased”. It is
assumed that in the process of changing fuel lines for measuring fuel con-
sumption during the 7-mode test that the ignition wires were shorted out on
one cylinder.

It is concluded that the methods employed to
detect defective ignition wires in the MPC tune-up procedure are adequate to
eliminate high HC emissions from misfires and to prevent 99.7% of the misfires
from occurring during 5000 miles of service. If the period between tune-uns
was one year rather than the six months usad in this study, more emphasis may
be needed on the task of inspecting wires and replacing those which may de-
teriorate within the one year period. Wires in marginal condition usually
perform satisfactorily until they are disturbed by work on the engine, such
as checking the 0i1 and tune-up repairs.

(3) Lean Misfire

The six month diagnoses showed that 13 or 4.3%
of the test vehicles had lean misfires at idie. Test data on these vehicles
are given in Table 30. About one-half of these were serious enough to cause
a significant increase in HC and a noticeably rough idle. They were apparentiy
caused by leaning of the carbureter air-fuel ratic during the six month test
period in all cases except two. The average CO reading at idle decreased From
2.0% to 0.7%. The lean misfires on the two vehicies which did not bacome lean
could have been caused by the development of air Teaks in the intake manifole
or a deterioration of the igniticn system. An engine with a good ignition
system will accept ieaner air-fuel mixtures than one with an ignition system
in poorer condition. Therefore. a lean misfire can develop even though the
air-fuel mixture remains the same. Usually cavburetion becomes richer with
mileage and, therefore, compensates for ignition system deterioration but
not in all cases.
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As shown in Table 30, the average exhaust emis-
sions from these vehicles (measued under 7-mode test cycle conditions) in-
creased 46% while the CO decreased 28%. The HC emissions at idle increased
270%. Based upon the 7-mode test cycle, the Tean misfires that developed
increased HC emissions of the total fleet by about 2%. This suggests that
the idle adjustment specifications of the MPC tune-up procedure could be
improved by richening them slightly.

An examination of vehicles that slightly in-
creased in HC emissions after the MPC tune-up showed that this increase was
probably net due to lean misfire. It is conciuded that the MPC tune-up
procedure specifications for idie adjustment are adequate to prevent Tean
misfire on engines with good ignition systems.

: Domestic post-1965 engines with the "engine
modification type" controls with gocd ignition systems and no air leaks in

the intake manifold will usually operate at idle without misfire at a minimum
CO range of .5% to 1.0%. Older engines without "engine modification type"
controls will usually coperate in a range of 1.0% to 2.0% CO without lean
misfire. The specifications for the MPC procedure were set at 1.0% to 2.0%

for "engine modification type" controlled engines and 2.0% to 3.0% for domestic
engines without these controls. :

In California where the major vehicle pollution
problem is HC and NOyx, it appears that the MPC tune-up procedure should be
amended to provide slightly richer carburetor setting at idle for better HC
and NOx control at the expense of slightly higher CO emissions. There are
Timitations to richening this specification because HC will increase when
the air-fuel ratio is decreased below a certain value. Based upon the re-
sults of this study, the MPC tune-up procedure would be improved for
California use if the idle adjustment specifications were increased by 0.5%
Co.

(4) Plugged Air Filters

The plugging of air filters causes increased
exhaust emissions by enrichment of the fuel-air mixture. The primary effect
is on CO, but highly plugged filters will also increase HC. The Class A
mechanics were instructed to replace air filters if they were more than 50%
plugged. New air filters were installed on 47.3% of the vehicles. After an
average fleet mileage of 5282 miles, 14% of the vehicles had air filters
that were plugged 75% or more. Two percent (2%) of this 14% started with
new filters and were driven an average of 6268 miles. The other 12% of this
14% did not have new filters and were driven an average of 5819 miles.

This data shows that the air filters on a
small percentage of vehicles operating in the Los Angeles area plug guite
rapidiy. This plugging could begin to affect emissions in as few miles as
5000. OCn the other hand, 10% of the vehicles with new filters operated over
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8000 miles without reaching the 75% plugging condition. The balance of the
total fleet (86%) operated an average mileage ¢f over 5000 miles without
reaching the 75% plugging condition.

It is concluded that the replacement criteria
in the MPC tune-up procedure is acceptable for annual tune-ups. The addi-
tional inspection cof air cleaners at a time of 0i1 changes would help eliminate
the plugging of filters on vehicles which either plug more quickly or are used
in atmospheric conditions of high particulate concentrations.

(5) Defective Carbureter Chokes

Defective chokes cause excessive exhaust emis-
sions in two ways. The first way is that they will cause an unnecessary
enrichment of the fuel-air mixture if the choke does not open fully when
the engine is warmed up. The primary effect is to increase CO and the second-
ary effect is to increase HC if the problem is severe. The six month diag-
noses on the MPC test fleet showed that 4.7% of the vehicles had chokes that
did not open completely. Most of these vehicles were of the uncontrolled
group and the choke opening varied from 75% to 95%. The average CO emissions
of ten vehicles in this group were 84.5 grams per mile compared to 83.4
grams pey mile for all vehicles. This indicates that this small amount cf
choke restriction did not affect the CO emissions at the relatively low power
conditions of 7-mode test cycle.

The second way that chckes can cause excessive
emissions is the malfunction of the mechanism. Common malfunctions are broken
linkages and a stuck choke blade. Excessive emissions are produced by re-
peated stalling and restarts, pumping of the accelerator, and lean misfiring.
At six months, 3.3% of the vehicle fleet had choke mechanisms which did not
operate properly. As shown in Table 28, the Ciass A mechanics repaired 2.0%
of the chokes at the time of the MPC tune-up. Indicated changes in the MPC
tune-up procedure regarding choke repair and adjustments are discussed in
futher detail in Section III,B,7.

(6) Failed Secondary Ignition Test

A secondary ignition tester previously described
in Section III,B,2 was primarily used at the time of MPC tune-ups to deter-
mine {f spark plugs would operate for approximately cne year or about 10,000
miles without fouling. New plugs were instalied in engines failing this test.
It is reasonable that 32% of the vehicles would fail this test after an
average mileage of 5283 for the test fieet.

(7) Plugged PCY Valves

_ Piugged PCV valves is another engine defect
which causes emission increases due to the envichment of the air-fuel mixture.
Most PCV valves flow blew-by gases at 2.0 to 3.5 CFM at idle. The six month
diagnoses showed that three vehicles or 1% of the total fleet had PCY valves
that were plugged. One was completely plugged and the twoe flowed gases at
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.5 CFM or less. These were probably missed by the Class A mechanics at the
time of tune-ups. The mechanics were instructed to flow PCV valves if the
crankcase pressure was not negative (in other words, the PCV valve flow rate
is not sufficient to handle the blow-by gases). If the flow test was satis-
factory, they were instructed to clean the PCV valve. If the flow rate test
was unsatisfactory, they were instructed to install a new valve.

' As shown in Table 28, 10.8% of the PCV valves
were replaced at the time of the MPC tune-up. It appears that the MPC tune-
up procedure is adequate since the plugging was reduced by about 90%.

(8) Defective Spark Advance Mechanisms

Thirteen percent (13%) of the vehicles had
defective vacuum advance mechanisms. The primary mode of failure was rup-
tured diaphragms in the actuator. One percent (1%) of the vehicles had de-
fective centrifugal advance mechanisms. A combination of both of these
defects (or the installation of a retrofit device employing the disconnection
of vacuum spark advance) and the centrifugal advance defect would result in
extremely high exhaust temperatures. These exhaust temperatures would likely
result in engine damage in the form of burned exhaust valves or cracked ex-
haust manifolds.

(9) Defective Ignition Points

_ Nine percent (9%) of the vehicles had defective
distributor points after six months of service. The criterion for determining
that the points were defective was a malfunction observed on the oscilloscope.
IT the criterion was a subjective observaticn of point condition, many more
sets of points would have been judged defective. The jack of replacement of
defective or marginal distributor points is a major probiem with the MPC tune-
up procedure. Distributor point replacement was purpesely de-emphasized be-
cause most mechanics automatically replace spark plugs, points, and condenser
with every tune-up. In most cases, the points and condenser will outlast two
or three sets of plugs.

The MPC tune~-up procedure should be changed to
include a visual inspection of points on every engine and not just when the
oscilloscope diagnosis indicates a problem. The distributor points were re-
placed on 4.4% of the vehicles at the time of MPC tune-ups. The six month
inspection indicates that about four times more points should have been re-
placed. This would result in the replacement of points about once for every
three changes in spark plugs.

(10) Excessive Wear of Point Rubbing Block

Excessive wear of the distributor point rub-
bing block usually occurs because the mechanic does not properily lubricate
the distributor cam. This also wears the distributor cam which is a more
serious problem. The six menth diagnoses showed that 3.0% of the engines
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had inadequate lubrication and/or wear of the point rubbing block. The
MPC procedure should be changed to include the inspection and Tubrication
(as required) of the distributor cam at the time of the distributor point
inspection stated above.

(11) Exhaust Valve Problem

The Class A mechanics were instructed to re-
ject any vehicle from the program which had burned exhaust vaives. In
general, they did a good job at this task. This is discussed in further
detail in the next section. The six month diagnoses indicated that two
VoTkswagens had valve problems. These valve problems resulted in high HC
emissions at idle and slightly abnormal HC emissions under the 7-mode test
conditions. The problems could have been either burned valves or, more
1ikely, improper valve lash.

(12) Excessive Blow-by

Excessive blow-by indicates that the piston
rings are worn or not sealing properly. Vehicles entering the program were
not rejected because of excassive blow-by. At the end of the six month
period, 4% of the vehicles had excessive blow-by. The major problems with
these engines are that:

(a) the excessive o0il consumption will cause
spark plugs to foul, and

(b) the blow-by gases exceed the capacity of
the PCV valve and cen foul the carburetion
and plug the air filter.

(13) Frozen Heat Riser Valves

A great many vehicles have frozen heat riser
valves. This defect affects emissions because the engine does not warm up
properly. These valves operate in the corrosive atmosphere of exhaust gases
and are difficuit to lubricate. Many valves are frozen so hard that it re-
quires considerable time to free or replace them. This is usually net a
cost-effective emission control repair. The repair guidelines of the MPC
tune-up procedure allow five minutes to free-up frozen valves.

- ' ' At the six month inspection, 22% of the vehicles
had frozen heat riser valves. It is difficult to determine if these valves
were (1) freed up at the time of the MPC tune-up. (2) overlooked by the
mechanic, or (3) required more time to free-up than five minutes. It is also
difficult to determine if the precedure should pilace more emphasis on these
valves. Since cold start problems were the largest owner complaint, the
gffegt of heat riser valve operaticn on warm-up performance should be studied

urther,
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b.  Owner Complaints

The vehicle owners who participated in the program
were instructed not to have any work performed cn their engines for six
months unless they contacted CARCO first. They were informed that CARCO
would diagnose any problems which they may have; and if these problems were
associated with the work performed in the program, CARCO would take care of
them. These instructions were necessary to maintain control over the fleet
for the six month degradation study and to also document any problems. Since
the owners were not told exactly what work was performed on their engines,
they reported a Targe number of problems not associated with the tune-ups.
The investigation of many complaints resulted in the finding of defective
batteries, starters, cooling systems, etc.

: : A major bonafide complaint was cold starting problems
arising from leaning out the carburetion. Some of the chokes were defec-

tive or marginal. Others needed to be richened to compensate for the leaning.
Part of this problem could be alleviated by emphasizing to the mechanics that
the choke must be operative and free. The vehicle owners should be also
alerted of the possible problem and be instructed to test the cold start per-
formance. If it is unsatisfactory, return the vehicle for a minor choke ad-
justment.

A second Tess frequent complaint was that the engine
lacked power. In most cases, the owners were content to "live with the
problem". In others, it was necessary to richen the idle mixture very siightly.
In still other cases, it was cbvious at the six month inspection that the
owners adjusted the carburetors themselves,

A few complaints resulted in hard starting and engine
malfunctions due to faulty distributor points. These complaints could be
probably eliminated by a procedure change previously discussed.

Some owners complained about the faster idle speed
adjustment on pre-1966 vehicles. They thought that the engine was using too
much gasoiine. Faster idle speeds is the principal cause of dieseling when
the key is shut off. The idle speeds specified by the MPC tune-up procedure
are adequate for lean operation and yet prevent dieseling. In cases where
dieseling was reported, the vehicles either had engine controls reguiring
higher speeds than the MPC specifications or the idie speed was higher than
the MPC specifications.

Most owner complaints were received immediately
after the vehicle was returned to the owners and were reflected in drive-
ability questionnaires. These results were nresented earlier in Section
II11,B,6. Several of these complaints could have been alleviated if the
Class A mechanics would have road tested the vehicies. This point was
covered in the training course but should be made part of the MPC tune-up
procedure.
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c. Indicated Changes in Procedure

Changes in the MPC tune-up prccedure indicated by
the performance of the program are listed below:

(1) Give special attention tc proper choke opera-
ion when the carburetion is leaned. Where possible, try a cold start after
tune-up. Advise the cwner of a possible probiem and ask him to return the
vehicle for minor choke adjustments as required.

_ (2) Remove the distributor cap on every enginé to
inspect contact points and cam lubrication.

(3) Increase the adjustment goals for idle CO at
idle by 0.5%.

(4) Increase the carburetor repair guidelines for
the 2500 RPM CO test by 0.5%.

(5) Instruct owners of engines with excessive
blow-by and/or other indications of high 0il consumption to replace spark
plugs frequently.

(6) Expand on the inspection and preventative
maintenance of ignition wires.

(7) Road test every vehicle hefore delivery to ths
owner.

The reasons for &ll of the above changes were pre-
viously discussed except for item (4). This change results from problems
that the Class A mechanics encountered in changing carburetor jets. Most
mechanics did not have the experience to perform this change quickly and
without errors. The availability of carburetor jets was also a probiem.

A 5% increase in the repair criterion consisting
of the CO value measured at 2500 RPM would reduce the number of carburetors
requiring repair. This would decrease the amount of CO reduction but shouid
not affect the HC emission. An analysis of the test data indicated that many
jet changes did not significantly affect the HC emissions even though a large
reduction in CO was attained.

In Califernia where HC (and not CO) is the main
problem, the relaxaticn of the CO repair guidelines should be a cost-effec-
tive change. A relaxation greater than 0.5% may be acceptable; however,
further testing directed specifically to this problem would be needed to
be certain that HC control is not compromised.
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8. EvaTuation of Mechanic Training

Some of the vehicle probiems relating to inadequate
mechanic training and mechanic errors have been discussed previocusly. In
many areas. it is difficult to clearly establish a single cause of prob]ems.
It is more likely that a combination of errors and circumstances were in-
volved in most problems.

a. Training Errcers and Indicated Improvements

Dur1ng the course of the program, a few errors and
omissions in the training of mechanics became apparenu. The first error
encountered was that some of the mechanics were "oversold" on the emission
control advantages of lean carburetor settings. This became obvious to the
mechanics when vehicles with owner complaints were returned to them.

A second error was that tco much emphasis was placed
on the fact that the service industry installs too many new distributor points.
Most of the mechanics were so convinced that they did not visually inspect
the points unless a malfunction occurred on the oscilloscope. This resulted
in the replacement of points on only 4.4% of the vehicles.

Another problem with the training course was that
the mechanics should have heen given more laboratory training in carburetor
repair. This was especially true since the carburetor repair guidelines
calied for the repair of about 15% of the carburetors.

Greater emphasis should have been placed upon the
importance of ignition misfires. This point was one of the major areas of
training, but it couid be given even more emphasis by citing the HC emission
results of this program. Diagnostic and preventative maintenance techniques
should be expanded tc isolate and help prevent impending ignition misfires.

Greater emphasis shouid have been also pilaced upon
the importeance of road testing vehicles. A standard road test procedure
should be developed and the mechanics taught how to perform it. A list of
typical driveability probiems and corresponding solutions shouid be also
prepared. One of the reasons why more mechanics did not road test compieted
vehicles was that this program was conducted during the summer months. At
this time, {fune-up business is at & maximum and the mechanics did not have
sufficient time to work on the vehicles of their regular customers and the
program vehicles as well.

"During the diagnoses of the program vehicles after
six months of service, it became apparent that the correct diagnosis of ex-
haust valve problems is a very difficult task. This is due to the fact that
the following engine defects affect the engine in a similar way:

(1) Open circuits in the ignition secondary system,
such as ignition wires.



(2) Fouled spark plugs.

(3) Misfire due to Tean mixtures caused by unbalanced
carburetion, a vacuum 1ine leak and leaks at the intake manifold gaskets.

(4) Defective piston rings.
(5) Defective pistons.

(6) ' Exhaust and/or intake valves that stick open
at idle due to valve stem deposits.

(7) Maladjusted valve lash.
(8) Defective hydraulic valve lifters.
(9) Worn cam shaft lobes.

The CARCO Class A mechanic performing the six month
diagnoses was asked to comment on vehicies with possible exhaust valve probiems.
A data summary from diagnostic sheets and emission tests for 21 vehicles which
the mechanic selected with possible burned vaives is shewn in Table 31. This
data is shown to illustrate the point that it is difficult to diagnose valve
distress. The power test is commonly used to determine possible valve problems
or other defects. If the ignition system is good and there are no lean mis-
fires, the next step is to perform a compressicn pressure check on the suspect
cylinder.

If the mechanic has an infrared instrument to measure
HC in the exhaust, a high reading at idle and a lower reading at a higher speed
is an excellent diagnostic method. Since 7-mode test data was available for
these vehicles, it was very useful in making the diagnoses. Comprassion checks
were not made which would have supplied the maximum amount of information--
short of removing the cylinder heads for inspection.

It is interesting to note that only three of the
twenty-one vehicies probably had valve problems. Two of these were Volkswagens
which historically give uneven power test results and also uneven compression
test results. This is due to the dependence on close tolerance mechanical
valve lash settings. These engine valves could have been okay and the valve
lash settings out of tolerance. Nevertheless, the engines appeared to have
valve problems causing emission increases.

‘Most of the other problems pointing to possible valve
problems were due to either ignition or lean misfires. Vehicle B0O30 would be
difficult to diagnose without the 7-mode test data because ignition and Tlean
misfires were not present and yet the power from the cylinders was uneven.

The no-load HC emissions were very high. Since the ioaded 7-mode emission
test showed reasonable HC emissions, the engine must have had sticking valves
which hung open at no-load but closed under the pressures of load.
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In this program, 141 1966 thru 1970 vehicles and
159 1957 thru 1965 vehicles were first tested at the ARB Montebellc test
station and then sent to one of the ten Class A stations for tune-ups. The
Class A mechanics in these stations were instructed to reject any venicles
with burned exhasut valves. Eight (8) vehicles of the pre-1966 group were
rejected. Emission and mechanic data for these vehicles is shown in Table
(Section II1,B,6).

It is important to note that the average HC emis-
sions for these rejected vehicles is only 16.5 grams per mile compared to
10.8 grams per mile for 1959 vehicles not rejected. It is interesting that
the emissijons for vehicle nos. A088 and BO71 were only 6.26 and 9.88 re-
spectively even though the Class A mechanics reported no compression in
cylinders. These were probably sticking valves.

. Two of the vehicles from Table 31 were given "valve
jobs", retested, tuned-up, and retested after six months. The results are
given in Table 10 {Section III,B,6). Vehicle BO09 was apparently diagnosed
improperly because the emissions were reasonably low at the start and de-
creased only slightly with the "valve job". It is important to note that
after six months, this vehicle was again picked out by the CARCO mechanic
doing the final diagnosis (Table 31) as one with possible bad valves. Lean
misfire was the problem at six months. The second vehicle--A163--did have
defective valves and the HC emissions decreased accordingly from 17.5 to
5.5 grams per miie.

Only one 1966-197C vehicle was rejected out of 141
vehicles. The HC emissions for this vehicle--B096--was 4.70 grams per mile
compared to 4.82 for the average of 141 vehicles. The diagnosis was based
upon a low power test on cylinder #1 which later showed a compressicn of
90 psi compared to cther cylinders of 135 to 150 psi. The valve was probably
sticking at idle. The no-load HC measurements were 600 ppm at idle and :
210 ppm at 2500 RPM.

In light of the above discussion, the training
course should include a special session on the diagnosis of valve problems.
It is obvious that many expensive "valve jobs" are probably being needlessly
performed because of improper diagnoses. HC and CO infrared meters are
extremely valuable tools in the proper diagnosis of potential valve problems.

Another area of concern which relates to mechanic
training is ignition timing. The six month diagnoses showed that the basic
timing on only 35% of the vehicles was at manufacturer's specifications plus
or minus one degree. Thirty percent (30%) of them were advanced an average
of 5 degrees and 35% of them were retarded an average of 5 degrees. A dis-
tributien curve showing the extremes of maladjusted timing is shown in
Figure 22. The fact that the timing was nect according to manufacturer's
specifications does not prove that the Class A mechanics set it improperly,
but it is reasonable to expect that some of this problem was caused by
mec?agics' errors. Other factors that could cause the improper timing
include:
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DISTRIBUTION OF BASIC SPARK TIMING ON TEST
FLEET SIX MONTHS AFTER MPC TUNE-UPS
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(1) Faulty timing lights

(2) Distributor point rubbing block wear

(3) Distributor point deterioration

(4) Readjustment by the owner or another mechanic

Mechanic errors that could result in improper timing are:

(1) Obtaining the wrohg timing specifications.

(2) Reading the wrong marks on the timing pulley
or pointer.

(3) Neglecting to set the timing.

The training course should point out the above problems in maintaining the
proper ignition timing.

b. Mechanic Performance

Previous discussions of mechanic training and indi-
cated improvements in the MPC tune-up procedure referred to mechanic per-
formance also because these subjects are so closely related.

The mechanic's working environment and duties have
a large influence on his performance as a tune-up mechanic. In some shops,
Class A mechanics are assigned to different jobs and they do not gain the
specialized experience needed to become an expert diagnostician. The "pro-
grammed" tune-up approach used in this study tends to compensate for the lack
of experience, but a top diagnostician is extremely valuable for vehicles
with unusual problems.

The capabilities of all the ten Class A mechanics
trained in this program were quite adequate to satisfactorily perform the
MPC tune-ups. Their performance as measured by good emission reductions at
Tow costs supports this statement.

The main cbjective of the training course was to
convert the mechanics to first think in terms of exhaust emissions whenever
they diagnosed or adjusted an engine. The current thought pattern of most
mechanics is to: .

(1) Replace the customary tune-ups parts .

(2) Check the engine out on the oscilloscope

(3) Use instruments to make the proper adjustments
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A better thought pattern for low-emission tuning at reasonable prices it to:

(1) Use the instruments to first determine what
repairs should be made.

_ (2) Make only those repairs required to keep
emissions down for one year.

(3) Perform preventative maintenance on parts that
can cause emission increases.

(4) Use instruments to make the proper adjustments
and achieve Tow emissions.

A well-trained and experienced tune-up mechanic will
recognize immediately the great value of the HC and CO meters in diagnosing
engines. His first thought will be to insert the exhaust probe to see what
the emissions will tell him.

9. Conclusions

The following conclusions are drawn from Section B of the
Technical Discussion:

a. Upgrading the service industry with diagnostic
equipment and training Class A mechanics to perform MPC tune-ups would pro-
vide significant and cost-effective emission reductions of about 38% HC and
35% CO0. The NOy emissions would increase by about 5%.

b. The combined use of Tow-emission tune-ups and pre-
ventative maintenance procedures (MPC tune-up) by an upgraded service in-
dustry (every six months or every 5000 mi]es? would maintain both HC and COC
~emission levels at about 30% less than the current levels. NOy Tevels would
be about 4% higher. '

c. The average cost for the first tune-up would be
about $27.50. If the interval between tune-ups were six months, this cost
would reduce because the $27.50 includes the replacement of parts needed for
a year's service. If the interval between tune-ups is cne year, the $27.50
figure would increase to $30-$35 to account for unforeseen problems that
would develop during the year.

d. California's Class A mechanics can be trained and
motivated to competently perform low-emission tune-ups in a 40-hour course.

The ten mechanics trained in this program responded
well to the "programmed" procedure approach and the concept of only repair-
ing parts that were defective or may become defective within one year. It
appears that mechanics can be motivated by having training and by having
their work inspected by government inspectors who can reguire them to per-
form according to a specified procedure.
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e. Tuning pre-1966 vehicles to lower emission adjust-
ment specifications than those provided by the engine manufacturer produced
higher and longer lasting emission reductions and was more acceptable to
owners than tuning controlled vehicies to manufacturer's specifications.

f. The cost effectiveness of MPC tune-ups on pre-1966
vehicles is extremely good and is four times better than MPC tune-ups on
1966 to 1970 vehicles.

g. The owner acceptance of MPC tune-ups is satisfactory.

h. Degradation of the control provided by MPC tune-ups
was much lower than that predicted by other studies, even Though the vehicles
were driven more than the average.

i.  The largest cause of degradation was spark plug
fouling in engines with excessive 0il consumption. These engines rapidly
become eytremely high emitters.

j. Engine maintenance requirements for good emission
control vary great]y with vehicle condition and the type of service. Some
vehicles in poor condition need attention about every 5000 miles while the
newer vehicles maintain emissions satisfactorily for up to 15,000 miles.

k. Burned or defective exhaust valves increase the
passenger vehicle contribution to HC emissions by only about 2.5%.

1. The MPC tune-up procedure can be improved by:

(1) Richening up the carburetor adjustments and
allowing richer operation in the repair gu1del1nes to provide equal HC con-
trol, fewer carburetor repairs, a small loss in CO contro1, and better drive-
ab111ty

‘ (2) Including a more thorough inspection of choke
cperation and making adjustments.as indicated by cold starts.

(3) Adding a visual inspection and the required
repair of all distributor points.

(4) Requiring a post-tune-up road test.

The program was not designed to determine if all vehicles
should be given periodic MPC tune-ups or only a portion of them that were re-
jected by an inspection test. The program did produce information relating
to this question, but it is not conclusive. About 30% of the lower emission
vehicles increased in HC emissions immediately after the MPC tune-ups. The
key question is related to whether or not the preventative maintenance per-
foermed on these vehicles decreased the degradation of thes emission levals of
these vehicles more than the tune-ups increased them initially. Degradation
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data on the vehicles that increased with the MPC tune-up showed that their
emission levels decreased with time rather than increased. This indicates
that all vehicles should be periodically tuned.

On the other hand, analysis of the data shows that
nearly all of the emission decreases can be attained by emission testing all
of the vehicles and only tuning the highest emitting 50%. It is not known
how much the untuned vehicles would have degraded during six months or,
therefore, what the emission level of the total fleet would be in six months.
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C. THE VSAD APPROACH TO NCX CONTROL

The vehicle owner acceptance and possible side effects of dis-
connecting the vacuum spark advance of engines were evaluated with three
difference groups of vehicles. For simplicity, these groups are referred
to as "B", "C", and "D". Each group was selected to be representative of
the Ca11forn1a pepulation of 1957 through 1970 vehicles. The "B" group
consisted of 100 vehicles from the 300 vehicles which were previousiy given
MPC tune-ups. VSAD kits were installed two weeks after the tune-ups.

The "C" group consisted of another 100 vehicles of the same
makes and models as the 100 "B" vehicles. No other work was performed on
the "C" vehicles except the installation of VSAD kits.

The "D" group of vehicles was selected to be representat1\e
of the "B" and "C" vehicles. Dummy kits which only appeared to disconnect
the vacuum to the distributor were installed on these vehicles. The dummy
vehicles were placed in the program to help separate owner bias from meaningful
test resuits.

The 100 "B" vehicles were included in the program to determine
if VSAD would be more or less acceptable in vehicles in a state of good repair.

1. Program Operations

The VSAB approach to NOx emission control was evaluated
by:

a. Procuring GM VSAD-type emission control kits for
cutt1ng off the vacuum tc the distributor when the engine coolant temperature
is below 2050F,

b. Reworking the interior of the GM kits to provide
50 "Dummy" kits. :

¢. Preparing kit instructions.

d. Training 10 Class A mechanics to install the kits.

e. Selecting and soliciting 150 vehicles representative
of the California population of 1957 through 1970 vehicles. (100 vehicles
were available from the MPC tune-up portion of the program.)

f. -Installing the kits and performing driveability tests
before and after kit installations.

g. Removing the kits after one month of service and
performing driveability tests before and after kit removals.

h. Interviewing the vehicle owners after one month to
obtain their comments and acceptance of the kits.
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, The actual program sequence completed with these groups
of vehicles is shown in Tables C-8 and C-9 in Appendix C. As shown in these
tables, the vehicle owners were also given questionnaires to determine their
opinions and comments on how their vehicles performed before and after the
kits were installed. A third questionnaire was mailed back after the kits
were removed to determine if the owners observed the reverse of any effects
which they previously noted. This questionnaire is shown in Table C-Z in
Appendix C. CARCO technicians also performed driveahility tests before and
after kit installations and removals. The CARCO driveability tests were per-
formed in accordance with the form shown in Table C-3 in Appendix C.

Interviews with the owners were conducted one month after
the installation of the kits to obtain the answers tc questions regarding tie
performance of their vehicles and to obtain any unsolicited comments on the
side effects of the VSAD kits. The form used for this interview is shown in
Table C-5 in Appendix C.

Owner complaints which occurred within the one month period
were handled according to the ground rules listed in Table D-3 in Appendix D.

. 2. Selection and Solicitation of Test Vehicles

The vehicles for the evaluation of the VSAD approach to
NOx control were selected by taking a representative sample of 50 and 100 ve~
hicles from the 200 vehicle sampie selected for the evaluation ¢f the MPC
tune-up approach to HC and CO control. These smaller groups have the same
distribution as the 300 vehicles except the Volkswagens were deleted. VSAD
kits cannot be installed on Volkswagens because their engines have no cen-
trifugal spark advance. Tabulations of the 50 and 100 vehicle groups are
shown in Table D-~4 and D-5 in Appendix D.

Vehicles for the VSAD evaluation were soclicited by the
same methods as for the MPC tune-ups. These methods are described in Section
I111,B,5. The vehicle owners were not informed of the specific work to be
performed on their engines. The vehicles in groups B, C, and D were matched
insofar as possible by make and model year to more accurately evaluate the
effects of VSAD. '

3. VSAD Kit Installation

The ten Class A mechanics trained to perform MPC tune-ups
were also trained to install the VSAD kits. The kit instailation is simple
and, therefore, the training required less than one hour. The kit is installed
by cutting the top coolant hose hetween the erngine and the radiator. A brass
sleeve containing a thermally actuated switch is installed in this line. The
simplest installation involves the rearrangement of vacuum hoses to place this
thermally actuated switch in the vacuum 1ine leading to the distributor vacuum
advance mechanism. If the coolant temperature exceeds 2050F, the switch opens
and full vacuum spark advance is attained.
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Most post-1865 vehicles obtain the vacuum source to the
distributor from a "ported" connection in the carburetor. In these cases,
the engine has no vacuum advance at idle. When VSAD kits are installed on
these vehicles, & new source of full manifold vacuum is found to give complete
vacuum advance at idle in case of engine overheating. In these cases, the
engine is provided with better cooling at idle than before the kit installa-
tion. The connection of full vacuum advance at idle (when the switch reaches
205°F) causes the engine to speed up, thus increasing the speed of the fan
and water pump. Exhaust gas temperatures will also decrease.

The installation instructions supplied to the Class A
mechanics are shown in Teable C-10 in Appendix C. Special precautions were
taken to prevent the mechanics from disturbing carburetor mixture adjustments
previcusly made on the "B" group of vehicles with MPC tune-ups. This couid
not be avoided in all cases because the engines with full vacuum advance at
idle decrease in speed when the vacuum is cut off. When the idle speed fis
increased, the mixture normally leans out. Since the vehicles were already
leaned to a Tower limit, further leaning caused rough idling and lean mis-
firing. In a Tew cases, the mixture was changed on "B" vehicles and returned
to the original settings upon removal of the kit.

The installation instructions in Table C-10 refer to the
installation instructions supplied in the GM VSAD kit. The G kit instruc-
tions are given in Figures D-4 and D-5 in Appendix D.

VSAD kit removals were performed in accordance with the
instructions in Table C-11 in Appendix C. The vacuum iines were reconnected
to the normal positions and the idie speeds adjusted to manufacturer's speci-
figations for “C" and "B" vehicles and to MPC tune-up specifications for "B"
vehicles.

g The average labor cost for installing the GM VSAD kit was
7.30.

4, Program Results

a. Owner Acceptance

Owner Acceptance was primarily judged by three
owner questionnaires and a one month interview. In the one month inter-
view, the owner was specifically asked if he noticed & change in the per-
formance of his vehicle. If he did, he was asked if this change was ac-
ceptable. If it was not acceptable, he was then asked if it would be
acceptabie if it were a part of a mandatory State program for air pollution
control. The results from the questionnaires and interviews are summarized
in Table 32. The owner's comments on performance after kit installation can
be compared with his comments after kit removai to determine if he noticed .
the reverse effect of any items previously noted. The judgement of whether
the vehicle performed "better" or "worse" or showed "no change" was made
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TABLE 32

OWNER ACCEPTANCE OF VSAD KITS

. % OF VEHICLES IN EACH GROUP*
DRIVEABILITY EVALUATIONS BETTER VORSE N0 CHANGE
ByC tD |[B {C D |B |C (D
Owner: After Kit Installation 22 135 {32 141 {35 (48 |37 {30 |20
Owner: After Kit Remoyal 33 |32 {26 |45 {35 {30 {22 133 144
CARCO Technician: After Kit 32 140 134 |29 {26 118 {39 134 148
Installation

OWNER ACCEPTANCE OF VSAD

% OF VEHICLES**

B C D
Not Acceptable 21 7 8
Acceptable 77 84 88
Acceptable if Mandatory 8 9 4

OWNER COMMENTS

% OF VEHICLES**

B C D
Overheating 1 4 6
Uses More Gasoline 28 18 16
Poorer Performance 23 6 6
Better Performance 11 H 14

¥

1 B

100 Vehicles with VSAD

B
C
D 50 Vehicles with Dummy Kits

** In each group

i03

100 Vehicles with MPC Tune-iUps + VSAD




by comparing the answers to each item on the questionnaires and by consider-
ing the comments solicited at the end of the questionnaires.

The numbers given in Table 32 are in percent of the
vehicles in each group rather than the number cf vehicles. This allows &
comparison between the groups containing a different number of vehicles.

The table also contains the results of the driveability tests conducted by
CARCO technicians. Driveability ratings were established for these tests

by assigning demerits for each driving mode found to be substandard. The

ratings for tests run before kit installation were compared with those run
after kit installation.

The driveability evaluations by the vehicle owners
in Table 32 show that the driveability of the C vehicles with VSAD (but no
other work done on the engines) was as good as that for the D vehicles with
the dummy kits. The driveability evaluations by the CARCO technicians showed
that more C vehicles performed "worse" and fewer of them performed "better"
than the D vehicles. These differences were not significant because the
average demerits detected by the CARCO technicians were 2.5 for the C ve-
hicles compared to 1.6 for the D vehicles.

The data in Tabie 32 shows that 6% more owners of
B vehicles with VSAD kits installed after the MPC tune-ups judged the change
to be in the "worst" direction compared to owners of C vehicles with VSAD
kits installed with no other work done on the engines. This does not mean
that the B vehicles with VSAD performed poorer than € vehicles with VSAD.
It does mean that the change in driveability was in the direction of being
worse. In fact, the driveability demerits for the B vehicles with VSAD
averaged 1.75 compared to 2.5 for the C vehicles with VSAD. The driveability
evaluations by the CARCO technicians confirmed that VSAD on lean tuned ve-
hicles in good repair results in a less acceptable change in driveability
than VSAD on vehicles on which no other work was performed.

The owner acceptance information cbtained during
the one month interviews substantiates the results discussed above. As
shown in Table 32, the owner answers on acceptance were very similar for
the C and D groups of vehicles. Three times more owners of B vehicles
stated that the change in performance was not acceptable. Part of this dif-
ference could be from the fact that seven more B vehicies overheated during
a severe heat wave than C vehicles. This heat wave occurred during & period
when most of the B vehicles with VSAD were in service and about half of the
C vehicles with VSAD were in service. However, these overheating complaints
cannot account for the fact that seventeen (17) more B vehicle ocwners re-
ported poorer performance.

One reason for the change in driveability in the
poorer direction with the B vehicles was caused by the leaning of the idie
mixture during the kit instailations. This problem was previously dis-
cussed in the preceding section. Another reason for the poorer acceptance
of V5AD on the vehicles with MPC tune-ups is that VSAD and lean tuning
both cause a siight loss in performance. A combination of both of these
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on vehicles where one of them couid make the driveability marginal is likely
to result in making the performance on a few vehicies unacceptable.

In general, the owners of "dummy" VSAD vehicles re-
sponded the same as the owners of C vehicies with VSAD, except that there
were more changes reported in the worst direction in the initial question-
naires of the dummy vehicles than the C vehicles. It appears that the initial
reactions of vehicle owners to control devices installed on their engines
are likely to be exaggerated. Comments and opinions at the one month inter-
view appear more realistic. Observations after one month--which are greater
than reaction variations and bias shown by the owners of dummy vehicles--are

probably real. Examples are:

(1) VSAD on engines with no other work done was
acceptable to vehicle owners. ‘

(2) VSAD on engines tuned for low emissions re-
sulted in:

(a) Non-acceptance of about 10% of the owners.

(b) Comments from about 10% of the owners
that their vehicle uses more gasoline.

(c) Comments from about 15% of the owners
that their vehicle has poorer performance.

b. Side Effects of VSAD

One of the objectives of this portion of the pro-
gram was to determine if there ware any side effects from VSAD that would
be noticed by vehicle owners during the first month ¢f service. The scope
of this study of side effects was Timited to those items that would arise
almost immediately in the "real-world" situation. The possible side ef-
fects of exhaust valve deterioration were not evaluated because such an
evaluation would require a long range ana closely controlled experiment.

When the vacuum spark advance is disconnected on
an engine, the temperature of the exhaust gases increase. This increase
in exhaust gas temperatures elevates the temperatures of the exhaust valves,
the exhaust manifold, and exhaust systems. A& study by Northrop (4) showed
that VSAD does not significantly affect the coclant temperatures of most
vehicles. On sore vehicles, the coolant temperatures increased and on
others, they decreasad.

During the menth of service with VSAD, there were
no side effects noted (other than those previously discussed) except engine
overheating. Fortunately, @ week~Tong heat wave was encountered in
Los Angeles during the time when VSAD kits were being evaluated. A tetal
of 13 vehicle owners complained of engine overheating during this periocd
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of hot weather. Many vehicles with marginal cooling systems customarily
overheat during the first siege of hot summer weather. In order to determine
if these complaints of overheating were due tc VSAD or other factors, seven
of the vehicles were recalled to determine the cause of cverheating.

: These seven vehicles were tested at Olson Labora-
tories, Inc. Each vehicle (equipped with a GM VSAD cverheat device) was
instrumented to measure coolant, exhaust, and oil temperatures. Then they
were dynamometer tested in a temperature controlled room at 50 miles per
hour (MPH) and at idle. The load at 50 MPH was selected to provide a one
degree retard of the vacuum spark advance. In general, this produces a
load on the engine which is two times higher than the road load. The ve-
hicles were tested at progressively higher temperatures of 80CF, 90CF, and
100%F under normal, VSAD and VSAD by GM kits until the coolant system boiled
over. Boiling usually occurs when the engine is reduced to an idle follow-
ing the 50 MPH speed. At this time, the heat stored in the engine at the
higher 50 MPH temperatures soaks back into the coolant system at a time
when the cooling capacity is smali.

The resuits of the dynamometer tests are as follows:

(1) One vehicle boiled at both idle and 50 MPH
with and without VSAD. This vehicle had a crack in the radiator.

(2) Three vehicles did not boil over with or
without VSAD. Two of these vehicles ran cooler at idle with the GM-VSAD
kit. These post-1865 vehicles supply vacuum to the distributor from a
ported carburetor opening which is closed at idle. The GM-VSAD kit pro-
vided full manifeld vacuum at this condition because the coclant temperature
was over 2059F. The full advance increased idle speed. Towered exhaust gas
temperatures and, therefore, decreased the engine coolant temperatures.

(3) Two vehicles boiled over with and without VSAD
at idle. These vehicles had leaking radiator caps.

(4) One vehicle beiled over at 100°F without VSAD.
at 80CF with VSAD, and at 100°F with the GM-VSAD. This vehicle had a mar-
ginal cooling system hecause it boiled at 1000F without VSAD. The VSAD
added enough heat load to the cocling system to lower the boiling tempera-
ture to 800F. This was the only clear case where the boil-over complaint
could be directly attributed to VSAD.

The remaining six (6) vehicles of the 13 with re-
ported overheating problems were investigated by visual inspections and
interviews with the owners. The results of this investigation and the
dynamometer tests above are summarized as follows:

(1) VSAD could not have been involved in the over-
heating of five vehicles because:
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(a) Three of the five were tested at Olson
Laboratories under severe conditions and they did not boil over with or with-
out VSAD.

(b) One of the five had a dummy kit installed.

(c) One of the five was a false alarm. The
red Tight went on once and not after that.

(2) Seven of the remaining eight veh1c.es had cool-
ing systems which would not hold the proper pressure.

(a) Three had radiator leaks
(b) Three had defective radiator caps
(c) One had a rusted out freeze pluy

(3) The last vehicle was tested at Olson Labora-
tories under severe conditions and found to boil at 800F with VSAD and not
until 1009F without VSAD.

It is concluded that cooling system defects are
the major cause of engine overheating. VSAD has a small effect which would
be probably only noticed on a small percentage of the vehicles with marginal
cooling systems.

c. Other Problems

Other problems encountered in the installation and
use of the GM-VSAD kits are as follows:

(1) The brass sleeve is constructed with & soft
brass material. When tightening the hose clamps, the slieeves on some ve-
hicles have collapsed, causing leakage of the coolant.

(2) Some vehicles have insufficient mechanical
advance. to allow disconnecting vacuum advance. This occurs most often with
the foregin vehicles and somz of the earlier domestic vehicles. VSAD on
these vehicles gives extremely poor driveability and is Tikely to cause ex-
haust valve damage and cracked exhaust manifolds.

(3) The kit is difficult to install on some of
the foreign vehicles. It is nearly impossible to install on Toyota and
Datsun vehicles because the hoseq between the engine and radiator are not
long enough.

(4) A VSAD kit was installed on a Ford Falcon
6 cylinder engine by mistake. This engine has only vacuum spark advance.
As a result, the exhaust manifold cracked due to excessive heat after
four days of freeway driving to and from work--20 miles each way.
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(5) The installation of the GM-VSAD kit on some
post-1965 vehicles which normally run hot can result in an idle speed that
is too fast. When the coolant temperature reaches 2050F, full vacuum spark
advance is supplied to the distributor causing the engine to speed up. The
idle speeds on many of these vehicles with "engine modification type" ex-
haust controls are already high. This additional increase in idle speed
was unacceptabie to two of the vehicle owners.

5. Conclusions

(a) Vehicle owners could not distinguish between- VSAD kits
and dummy kits when the VSAD kits were installed with no other work on the
engine.

(b) The installation of VSAD kits on vehicles with
MPC tune-ups produced driveability changes that were unacceptable to many
owners. This problem could probably be alleviated by a carburetor adjust-
ment at the time of VSAD kit installation.

(c) The effect of VSAD on cooling system temperaturas
is small. VSAD causes overheating in a small percentage of vehicles with
marginal cooling systems. The major cause of overheating in hot weather
is defective cooiing systems. If VSAD is used to control NOy in used ve-
hicles, the kit installation instructions should include the inspection
and repair of radiator defects.

108



REFERENCES

California Air Resources Board Technical Advisory
Committee, Fmissiorn Control of Used Cars; Available
Options: Their Effectiveness, Cost and Feasibility,
June 1971.

Chew, M. F., Auto Smog Inspection at Idle Only, Paper
690505 presented at SAE Mid-Year Meeting, Chicago,
May 1969. :

Northrop Corporation, Mandatory Vehicle Emission
Inspection and Maintenance, Contract 1522, California
Air Resources Board, 31 May 1971.

Northrop Corporation, Temperature Testing and Analysis

of the Vacuum Advance Disconnect Exhaust Emission Contrel,
Contract ARB-1086, California Air Resources Board,
Dacember 15, 1972.

109



